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Preface 

Accurate  data  on  the  thermal  conductivity  of  materials  of  construction 
at  low  temperatures  are  essential  in  the  design  of  cyrogenic  equipment. 
Such  data  on  pure  metals  also  have  important  applications  in  basic  physics. 

This  Circular  is  issued  to  satisfy  the  need  for  a  complete  and  authori¬ 
tative  compilation  of  the  useful  data  on  thermal  conductivity  at  low  tem¬ 
peratures  given  in  the  widely  scattered  and  extensive  literature  on  the 
subject.  Although  the  Circular  is  not  primarily  a  critical  compilation,  the 
text  indicates  a  method  that  might  be  used  in  choosing  between  conflict¬ 
ing  data. 

It  will  be  noted  that  there  are  wide  unexplored  regions;  much  experi¬ 
mental  work  remains  to  be  done.  It  is  hoped,  therefore,  that  this  Circular 
will  stimulate  additional  measurements  and  indicate  the  areas  in  which 
data  are  most  needed. 


A.  V.  Astin,  Director. 
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Thermal  Conductivity  of  Metals  and 
Alloys  at  Lovs^  Temperatures 

A  Review  of  the  Literature^ 

Robert  L.  Powell  and  William  A.  Blanpied* 


An  extensive  compilation  is  given  of  the  measured  values  of  thermal  conduc¬ 
tivity  for  metals  and  alloys  from  room  temperature  down  to  approximately  0°  K. 
The  more  extensive  and  important  data  are  plotted  in  48  graphs.  The  tables  and 
graphs  for  the  metallic  elements  and  alloys  are  essentially  complete  for  literature 
reference  from  1900  to  early  1954.  For  comparison,  several  graphs  and  tables  are 
given  for  some  representative  dielectrics. 

1.  Introduction 


1.1.  Scope  and  Arrangement 


The  thermal  conductivity  values  of  three 
types  of  solids  are  presented:  (1)  metallic  ele¬ 
ments,  (2)  alloys,  and  (3)  dielectrics.  Very 
little  discussion  is  presented  on  the  qualitative 
theories  or  significance  of  the  various  experi¬ 
ments.  Recent  articles,  as  indicated  under  each 
material,  usually  will  contain  comments  on 
these  aspects  of  conductivity.  Under  “metallic 
elements,”  the  materials  are  arranged  by  peri¬ 
odic  groups,  beginning  with  the  alkali  metals. 
Under  “alloys,”  the  materials  are  arranged  in 
this  same  manner  by  major  component.  In 
group  3,  several  dielectrics  are  included  for 
comparison.  A  list  of  the  figures  and  tables  is 
given  in  section  2.1. 

The  professional  abstract  and  leading  re¬ 
search  journals  were  searched  for  references 
dating  from  1900  to  the  spring  of  1954.  It  is  felt 
that  the  compilation  is  complete  for  the  metals 
and  essentially  complete  for  the  alloys,  but  only 
a  few  representative  references  are  given  for 
the  dielectrics.  Conductivity  values  were  col¬ 
lected  for  the  temperature  range  approximately 
0°  to  300°  K.  Many  of  the  references  contain 
information  for  room  temperature  only,  and 
conductivity  values  from  these  are  given  in  the 
tables  only. 

The  letters  at  the  left  end  of  the  curves  are 
a  code  to  the  names  of  the  authors.  The  sym¬ 
bols  at  the  right  end  of  the  curves  indicate  the 
material  tested.  Conductivity  values  in  the 
graphs  and  tables  are  given  in  units  of  watts 

tThis  work  was  supported  by  funds  from  the  U.  S.  Atomic 
Enei^y  Commission. 

•Present  address;  Yale  University,  New  Haven.  Conn. 


per  centimeter  degree  Kelvin  (except  for  a 
few,  which  are  in  milliwatts  per  centimeter 
degree  Kelvin).  A  table  of  conversion  factors 
is  given.  Arrows  on  the  bottom  of  the  graphs 
indicate  the  normal  boiling  points  of  helium, 
hydrogen,  and  nitrogen,  and  the  melting  point 
of  ice,  respectively.  A  bibliography  (nearly  all 
dated  after  1900)  is  included  at  the  end  of  the 
Circular.  It  is  shown  in  the  tables  when  other 
properties  of  the  samples  have  been  measured, 
such  as  electrical  resistance,  thermal  electro¬ 
motive  force,  and  specific  heat,  which  are  sym¬ 
bolized  by  R,  emf,  and  Cp,  respectively. 

The  units  in  the  tables  and  graphs  are  usually 
watts  per  centimeter  degree  Kelvin.  These 
may  be  converted  to  other  systems  of  units  by 
use  of  the  following  factors; 


To  convert  to — 

Multiply  by — 

Cal /cm  deg  K 

Btu/ft  hr  deg  F 

Btu  in/ft-  hr  deg  F 

0.239 

57.8 

693 

The  preparation  of  this  Circular  required  the 
assistance  and  cooper;;  ion  of  many.  Foremost 
among  them  was  Charles  A.  Meizner,  who 
plotted  most  of  the  graphs  and  analyzed  some 
of  the  original  research  papers.  The  coopera¬ 
tion  of  the  many  authors  and  manufacturers 
who  supplied  reprints  of  their  articles  and  man¬ 
uals  for  use  in  this  study  is  acknowledged. 
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2.  Figures  and  Tables 


2.1.  List 


METALLIC  ELEMENTS 


Material 

Figures 

Tables 

Number 

Page 

(page) 

Aluminum 

3,  3a 

8,9 

8 

Antimony 

20 

36 

36 

Beryllium 

2 

6 

6 

Bismuth 

20 

36 

36,  37 

Cadmium 

15,  14a 

27,  26 

26 

Carbon  (graphite)  __ 

17 

30 

30 

Cerium 

21 

37 

37 

Cobalt,  _ 

8,  9 

16,  17 

17 

Coppei' 

11, 11a 

20,  21 

20,  21 

Gallium 

16 

29 

29 

Germanium _ 

18, 19a 

31,  35 

31 

Gold _ 

13, 12a 

24,  23 

24 

Indium 

16 

29 

29 

Iridium 

10,  10a 

18, 19 

19 

Iron 

8,9 

16, 17 

16 

Lanthanum 

9 

I^ead, 

19, 19a 

34,  35 

34 

Lithium 

1 

5 

5 

Magnesium 

2,  2a 

6,7 

6,7 

Manganese _ 

7 

14 

15 

Mercury 

15, 15a 

27,  28 

27 

Molybdenum  ,, 

6,  6a 

12,  13 

12 

Nickel _ 

8,9 

16, 17 

17 

Niobium . 

5 

11 

11 

Paladium _ 

10, 10a 

18, 19 

18 

Platinum.. 

10, 10a 

18, 19 

19 

Potassium..  .. 

1 

5 

5 

Rhodium  . . 

10, 10a 

18,  19 

18 

Silicon  _  .  _ 

.. 

30 

Silver 

12, 12a 

22,23 

22 

Sodium 

1 

5 

5 

Tantalum 

5 

11 

11 

Tellurium _ 

21 

37 

37 

Thallium  . 

16 

29 

29 

Tin  . . 

18, 18a,  18b 

31,  32,  33 

32 

Titanium 

4 

10 

10 

Tungsten 

6,  6a 

12, 13 

12, 13 

Uranium 

21 

37 

37 

Vanadium 

5 

11 

11 

Zinc 

14, 14a 

25,26 

25 

Zirconium 

4 

10 

10 

ALLOYS 


Material 

Figures 

Tables 

Number 

Page 

(page) 

Alkali  metal 

38 

Aluminum 

22 

40 

39,  40, 
41 

Antimony 

29 

54 

55 

Beryllium 

_ 

38 

Bismuth 

29,  29a 

54,55 

55 

C  dmium 

29 

54 

53 

Chiomium 

42 

Copper 

27,  29a 

49,  55 

48,  49, 
50,  51 

Copper-nickel 

28,  29a 

51,  55 

51,  52 

Gold  .  _ 

26 

47 

52,  53 

Indium 

29,  29a 

54,  55 

53 

Iron; 

Carbon  steel _ 

23,  24 

43,  44 

42 

Deoxidized  steels.. 

24 

44 

45 

Silicon  steels _ 

43 

Corrosion  resisting 

steels  .  ... 

23,  24 

43,  44 

43,  44, 
45 

Lead 

29,  29a 

54,  55 

54 

Magnesium 

2a 

7 

38,  39 

Mercury 

__ 

53 

Nickd 

25 

46 

45,  46 

Palladium . . 

26 

47 

47 

Platinum _ 

26 

47 

47,  48 

Silver _ 

26 

47 

52 

Thallium _ _ 

29,  29a 

54,55 

53 

Tin _ 

18a,  b 

32,  33 

53 

Titanium _ _ 

29 

54 

41 

Tungsten _ 

Zinc 

— 

— 

41 

53 

DIELECTRICS 


Beryllia  _ 

32 

60 

60 

Diamond 

30,  30a 

57,  58 

57 

Disordered  di¬ 
electrics 

33,  33a 

62,  63 

62 

Ionic  crystals 

32,  32a 

60,  61 

60 

Miscellaneous 

56 

Quartz 

31,  30a 

59,  58 

59 

Sapphire 

30, 30a,  32 

57,  58,  60 

57 

2.2.  Metallic  Elements 


The  variations  of  the  thermal  conductivities 
of  metallic  elements  with  temperature  are  ^iven 
in  figures  1  to  21.  The  main  figures  (those 
without  a  or  b)  have  the  higher  temperature 
curves;  usually  the  temperature  range  4“  to 
300'  K.  When  there  is  sufficient  data  in  the 
liquid-helium  range,  there  is  a  supplementary 
graph  for  the  range  from  approximately  0  ’  to 
5"'  or  10  ’  K.  The  graphs  are  arranged  by  peri¬ 
odic  groups,  beginning  with  the  alkali  metals. 
A  summary  table  is  included  for  each  graph, 
giving  for  each  element  a  list  of  references  to 
research  papers  on  the  thermal  conductivity  of 
the  element.  The  first  column  contains  the 
chemical  symbol  and  the  property  or  composi¬ 
tion  identification  on  the  curves  if  the  data  for 
the  author  reference  are  plotted  on  the  graph. 

Not  all  the  av’ailable  data  are  plotted  on 
graphs.  If  measurements  were  made  at  only 
1  or  2  temperatures,  representative  conductivity 
values  arc  usually  given  in  the  “Remarks”  col¬ 
umn  in  the  corresponding  table.  When  several 
authors  report  values  that  arc  nearly  identical, 
the  report  that  was  published  first  is  usually 
represented  on  the  graph.  There  are  exceptions 
to  this  when  the  results  of  a  later  author  are 
more  accurate  or  more  extensive.  In  most 
graphs,  where  there  are  more  than  one  curve  for 
a  given  element,  the  graph  showing  the  highest 
\  conductivity  is  considered  most  likely  to  be  rep¬ 
resentative  of  that  of  the  pure  material.  The 
higher  values  are  associated  with  the  more  pure 
material,  adequate  annealing,  and  large  crystal 
size. 

In  the  commonly  accepted  theory  for  the 
conductivity  of  metals,  there  are  two  mechan¬ 
isms  for  the  conduction  of  heat.  In  pure  metals 
nearly  all  of  the  energy  transfer  is  by  electrons. 
In  dielectrics,  there  is  also  a  transport  of  energy 


by  the  lattice  vibrations.  However,  the  relative 
contribution  of  this  latter  mechanism  is  insig¬ 
nificant  except  for  alloys,  impure  metals,  and 
the  semimetals  like  bismuth.  The  transfer  of 
energy  by  electrons  is  impeded  by  several  scat¬ 
tering  mechanisms.  At  temperatures  above 
about  20“  K  the  main  scattering  agent  is  the 
metallic  lattice  itself.  Below  that  temperature 
the  scattering  due  to  impurity  centers  and  lat¬ 
tice  defects  becomes  increasingly  more  impor¬ 
tant.  In  the  temperature  range  from  several 
degrees  to  about  40°  K,  the  conductivity  of  a 
pure  metal  may  be  expressed  closely  by  the 
equation 

1/k  «T-’  i  pT-K 

The  term  aT-  is  characteristic  of  the  lattice  of 
the  metal  being  investigated;  the  term  /lT-> 
represents  the  scattering  due  to  impurities.  The 
latter  term  is  related  to  the  residual  electrical 
resistance.  Experimental  values  for  n  and  p 
are  given  in  the  tables  when  the  authors  in¬ 
clude  these  values  in  their  research  reports. 

Several  physical  and  chemical  properties  of 
the  sample  affect  the  conductivity  directly.  As 
the  purity  of  the  material  is  increased,  the  con¬ 
ductivity  maximum  rises  and  is  shifted  toward 
lower  temperatures.  The  thermal  resistance 
caused  by  impurities  is  not  additive — small 
changes  in  purity  can  cause  very  large  changes 
in  the  conductivity  near  the  maximum.  At 
higher  temperatures,  however,  the  effect  is  not 
as  important.  Cold-working  and  hardening  re¬ 
duce  the  conductivity  and  for  that  reason,  other 
things  being  equal,  the  annealed  samples  will 
have  a  higher  conductivity.  For  some  single 
crystals  the  conductivity  depends  upon  the 
direction  of  heat  flow.  For  several  metals  that 
are  anisotropic,  curves  are  given  for  various 
crystal  orientations. 
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CONDUCTIVITY,  w/cm  deg  K 


UTHIITM 


Cunre 

Sample  soaroe 
and  analysis 

Remvks 

Referenee 

Me . 

&hB)auiB;**Tery 

pore". 

Cold-worked;  handled  in  COi  at¬ 
mosphere;  R. 

Extruded  and  mounted  in  glass 
'  tubes;  cycled  thermally*  P 

W.  Meianier 
(lf20). 

C.  C.  BkiwcU 
(1928b,  192S. 
1928«). 

Bi . 

POTASSIUM 


Ho. . 

ESmer  ud  Am- 

MeHed  in  Tnenum;  cut  in  glus 

J.  W.  Uombeck 

end:  “Tery 
pore'*,  free  «f 
Fe,  Oa,  Mg, 
Al,  trace  of 
Na,  by  chemi¬ 
cal  aittlysis. 

under  nmouiun;  R. 

(1913), 

SODIUM 


Curro 

Sarnie  soorce 
and  analysis 

Remarfcn 

Reference 

Melted  in  vacuum;  east  in  glass 
under  vacuum ;  obtmned  A 1 .34 
at  6.rC.  1.33  at  2l.0"C;  R. 

J.  W.  Hombeek 
(1913). 

end;  “▼ery 
pure  ’  free  of 
Fe,  Ca,  Mg, 
At  and  K  by 
chemical  an- 
alysM. 

Bl . 

Extruded  and  mounted  in  ghus 
tubes;  cycled  thermally;  R. 

C.  C.  Bidwdl 
(1926b,  192S, 
1926*). 

B.McQ.2. 

Brititb  Thom- 
aon-Hoiuton; 
0.01  to  0.1% 
()naad  AL 

Melted,  cut  in  ncuum;  cast  into 
soft  glut;  R. 

R.  Berman  and 
D.  E.  C.  Mac¬ 
Donald  (1981). 

BJdcD.  2 

FbiUpt;  trace  of 
Ag. 

Melted,  cut  in  Tuenum;  cut  into 
aoftglau;R.  | 

R.  Berman  and 
D.  K.  C.  Mne- 
Donald  (1981). 

CONDUCTIVITY,  w/cm  deg  K 


Le . 

Beryllium  Co. 
Am.;  comm, 
pure;  traces  of 
Al,  Mn,  Cr, 
Fe,  Bi,  and 
Mg:  total  im¬ 
purity  H%. 

Physical  imperfecriona  noted;  R, 
Cp,  and  emf. 

G.  Ad . 

Degussa  Co.; 
purity”. 

Residual  resistance  1%  of  R273; 
single  'Tystal  with  beat  flow 
parallel  to  hexagonal  axis; 
studied  effect  of  magnetic  field 
on  R  and  k. 

G.Er..... 

_ do . 

Same;  except  rod  axis  perpendicu¬ 
lar  to  hexagonal  axis;  binary  lat¬ 
eral  axis  inclined  to  rod  axis  by 
T,  IT  and  showed  anisot¬ 

ropy. 

Er.  G . 

_ do . 

Same  as  G.  Ad . 

E.  GniaeiaeQ  and 
H.  Adenstedt 
(1938). 


E.  Gnineisen  and 
H.'D.  Erfling 
(1940). 


H.-D.  Erfling  and 
E.  GrQneiaen 
(1942). 


Sample  source 
and  analysis 

Remarks 

. 

"Pure” . 

*=U7»t0'C:R . 

. do . 

*=1.72  »t  0°C.  2.0  >t  80°K:  R. . . . 

. do . 

*=1.72  at  0°C,  1.87  at  80°K;  R. . . 

. do . 

*=1.60  at  18'C:  R . 

Johnson,  Mat- 
they;  99.95% 
pure. 

Equatioo  a=10.8X10-‘ 5=1.25. 

. do . 

Equation  a=8.«X10-‘,  5  =  1.05. 

Dow;  manga¬ 
nese  imprui- 
ties  as  marked 
on  graph. 

R . 

andH.  M. 
Rosenberg. 
(1952a). 


E.  G.  Sharkoff 
(1952, 1953ab). 


CONDUCTIVITY,  w/cm  deg  K 


4  5  6 

TEMPERATURE,  *K 


MAGNESIUM  (Confd) 


Curve 

Smd|^  Bouroe 

1 

aod  ualysM 

K.S.W.1 

Johnson,  Mst- 

Cold-drawn . 

W.  R.  G.  Kemp. 

they;  W.98% 
puri^;.013% 
Fe.  .0023% 
Mn,  .0013% 
Pb,  trace  o( 
Si,  Cu,  Ag, 
Ca.  Na. 

A.K.Sreedhv, 
andG.K.  White 
(1953). 

E.  S.  W.  2 

— do . 

Annealed  in  Taeouia  3  br  at  350^0 . 

Do. 

K.S.V.3 

Do. 

H.  M.  Rosenberg 
(1954b). 

R.  . 

Johnson,  Mst- 
they;  99.95% 
pure;  .03% 
Mn,  .0075% 
Fe,  .004%  AL 

Annealed  9  hr  in  Taeumn  at  SOO^C; 
equation  a  3  « 1.05. 

CONDUCTIVITY,  w/cm  deg  K 


TEMPERATURE.  °K 


ALmnNUM 


Sample  soorce 
and  analyu 

Remarks 

Reference 

"Pure” . 

Low  value  of  Ar»1.43  at  0“C;  R. . , 

L.  Lorens 
(1881a). 

0.5%  Fe,  0.4% 
Cu. 

*-2.01  ut  irC;  R,  Cp . 

W.  Jaeger  and 

H.  Diesselhorst 
(1900). 

Johnson,  Mat- 

Lathe  turned  from  larger  sample. 

C.  H.  Lees 

they;  99% 
pure. 

density  of  2.70. 

(1908). 

Commercial . 

*=  1.93  St  0°C,  1.90  St  85”K.  1.59 
St  21.4°K. 

R.  Schott  (1916). 

Measured  the  effect  of  t^wsion  cm 
the  thermal  and  elec^cal  con¬ 
ductivity. 

J.  E.  Calthrop 
(1926). 

5  samples  rang- 

Measured  at  20”  and  80”K;  results 

E.  Gruneisen  and 

ing  from  pure 

for  purest  samples  lie  just  below 

E.  Goeoa 

to  technical. 

curve  of  P.  S.  J.;  studied  effect 
cd  grmn  sise  and  crystal  bound¬ 
aries. 

(1927): 

E.  Griineneu 
(1927). 

"Pure” . 

*=2.26  St  0"C.  2.55  st  89*K;  H. . . 

J.  Staebier  ■ 
(1929). 

_ do . 

*-2.26  at  0"C,  2.56  at  80”K;  also 
measured  R. 

W.  Maoncben 
(1931). 

Approx.  99.7% 

Two  samples  gave  values  at  0”C  of 

A.  Eucken  and 

pure;  technic- 
aUy  pure. 

*=2.26. 

H.  Warrentrup 
(1935). 

Hadfield's . 

Brinnel  hardness  of  17 . 

J.  de  Nobel 
(1951). 

ALTJMIXTJM  (Cont'd) 


Curve 

Sample  source 
and  analysis 

Remsrks 

Reference 

A.  W.  S.  1 

Alcos;  99.996% 
pure,  .001% 
Mg.  .001%  Si, 
.0006%  Fe, 
.0004%  Cu, 
.004%  Ns. 

Single  crystal;  residual  electrical 
resistance  of  1.19X10~*  Rt7i; 
a=2.7X10-»,  3=7.04. 

R.  A.  Andrews, 
R.  T.  Webber, 
sod  D.  A. 

Spohr  (1951). 

A.  W.  S.  2 

. do . 

Single  crystal,  R  —  1.48  X  i0~* 
Ri7j;  a=2-72XlO-»,  3=6.06. 

Do. 

A.  W.  S.3. 

Johnson,  Mst* 
they;  99.995% 
pure;  .002% 
Mg,  .001% 
Si,  .0005%  Fe, 
.0005%  Cu. 
trace  of  Ns. 

Polycrystalline  rod;  residual  re¬ 
sistance  of  2.14  X10~*  Rsn; 
a=2.72X10-»,  3=4.05. 

Do. 

P.  S.  J . 

Alcoa;  99.99% 
pure. 

R-  W.  Powers, 

D.  Schwarts, 
and  H.  L. 
Johnstem 
(1951). 

M.  R . 

Johnson,  Mat- 
tbey;99.994% 
pure. 

Annesled  polycrystsl;  a=2-2X 
10->.  a =2.3. 

K.  Mendebsohu 
snd  H.  M. 
Rosenberg 
(1952s). 

Poly  crystalline;  superconducting 
state;  representative  values  were 
.07  at0.8”K,  .015  at0.65”K,  .007 
at  0.3rK. 

arel  C.  A.  Ren¬ 
ton  (1953). 

R, . 

a-3.2Xlff‘*,  3=0.23 . 

H.  M.  Rosenberg 
(1954s). 
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CTIVITY,  w/cm  deg  K 


LANTHANUM 


Curve 

Sample  source 
and  analysis 

Remarks 

1 

Reference 

H.  M.  Rosenberg 
(39548). 

2(rk 
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CONDUCTIVITY,  mw/cmdegK 


TlTAimJM 


Curr* 

SuajieBoane 

snaualyaa 

Remark* 

Reference 

Comm,  pan _ 

Afartnot  only.  A-0.20  at  riTK, 
0.31  at  19S’K,  0.18  at  90%  0.13 
at  20%. 

C.rJ.  Rgn^iu^ 
ler  (1061). 

Amoo-Beetlnd. 
Hlim.l4ib.,Biic- 
land;  99.0% 
pare. 

Unonncaled;  ;S»390 . 

K.  Mendehniin 
and  H.  M. 
Roeenben 
(1962b). 

Same  loaree; 
9IJH%  pore.  1 

Annealed;  fl-lTO . 

Do. 

B. . 

Sin^  eryitol;  eondoetiTity  ooa- 
itont  from  tO*  to  100%;  a~ 
«4X10-»  a -82. 

H.  M.  Roeenbeti 
(1964a). 

ZIRCONIUM 


Curre 

Sample  eoorce 
ondanalyu 

Remark* 

Refereooe 

M.R. . 

JohUBODp  Mftt> 
they;  98% 
pure. 

Annealed;  a-I30X10->  a-76  . 

K.  Hendelasohn 
ondH.  M. 
Roeeobeis 
(1962b). 

E. . 

a-128X10-*,  . 

H.  M.  Roeenbeis 
(1954a). 
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CONDUCTIVITY,  mw/cm  deg  K 


RestvlcB 

Ref^eoee  Com 

In  both  normal  and  supereondoct- 
ing  states. 

H.  M.  Rosenbmg  . 

(1964a). 

k^OM  »t  irc. 


FiiateeI,M.9% 

pnn. 


T.  Baiait  and 
R.  M.  Winter 
(1926). 


*-0.36  It  (TC .  M.  Cox  (1943). 


Meirand  istio  of  condoctiTity  in 
■npereoDdaeting  and  normal 


NIOBnJM 


Sample  aource 
andanalyau 


M.O .  Hilger;  “high  In  both  normal  and  enperconduct-  K.  Mendebiohn 


ing  itatcs;  studied  effect  of  mag¬ 
netic  field. 


and  J.  li.  Olsen 
(1960a). 


M.  B. . I  Johnson,  Mat-  In  both  normal  and  snperconduct-  K.  Mendelssohn 


they;  99.99% 
pure. 


ing  states;  up  to  22°K. 


andH.  M. 
Rosenberg 
(1962b). 


99.96%  pure — 


Hilger;  0.1% 
impurities. 


Johnson,  Mat- 
they;  99.98% 
pnri^. 


B. . I .  Continuation  to  temperatures  H.  M.  Rosenberg 


I  Same  as  M.R.  Supmcondncting  state  below  1°K. .  K.  Mendelssoha 

and  C.  A.  Ren¬ 


ton  (1963). 


Measured  in  both  normal  and  su- 
peroonducting  states. 


PolycrjrstaUine;  impuritiea  in  solid 
solution ;  measured  effect  of  mag¬ 
netic  field;  both  normal  and  su¬ 
perconducting  states. 

Measured  both  normal  and  super¬ 
conducting  states;  fi=27. 


Measured  sopcreonducting  state 
below  ra. 


Continned  M.  R.  curve  to  higher 
temperatures;  a~78X10~^  S 
-26. 


C.  V.  Heer  and 
J.  G.  Daunt 
(1949). 

J.  K.  Holm 
(1949). 

K.  Mendelssohn 
and  J.  L.  Olsen 
(1960a). 

J.  K.  Holm 
(1950). 


K.  Mendelssohn 
andH.  M. 
Rosenberg 
(1962b). 

K.  Mendelssohn 
and  C.  A.  Ren¬ 
ton  (1963). 

H.  M.  Rosenberg 
(1964a). 
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CONDUCTIVITY,  w/cm  deg  K 


*=i.46»tirc . 

T.  Barratt  and  . 

1  Heraeus . 

ft=1.6at0'C . 

S.  Weber  (1917). 

!  R.  M.  Winter 

(1926).  . 

*=2  St  irc . 

T.  Barratt  and 

R.  M.  Winter 

Philips:  "very 

Annealed  at  90(^0;  A  « 1.44  at  ITC; 

W.  G.  Kannaluik 

(1925). 

[  pure''. 

R. 

(1931). 

Osram;  impure. . 

Single  crystal;  Asi.83  at  83'*Es 

E.  Giiineisen  and 

Gen.  Elec . 

Annealed  at  22CrC;  A  » 1.32  at  (TC; 

Do. 

1.80  St  21°K. 

£.  Goens 

R. 

(1927). 

Ki . 

.06%  Bi,  Cd; 

R . 

W.  G.  Kannaluik  G.  Go.  — 

Philips;  "very 

Single  crystal . 

Do. 

.01%  Al,  Ge, 

(1933). 

pure”. 

Sn,  Ti,  V,  W; 

.001%Co,Cu. 

Gen.  Elec . 

One  sample  annealed  at  220^0, 

W.  G.  Kannaluik 

Pt,  Rh;  tnee 

A  =  1 .64  at  08°C ;  another  sample 

(1931). 

of  C. 

annealed  at  1300^C,  A =1.66  at 

18'C. 

M.R. . 

Johosoo*  Mat>  i 

a=7JX10-*,  fl=6.7 . 

K.  Mendelssohn 

they;  09.96% 

and  H.  M.  Ka . 

Phillips . 

Single  crystals,  only  higher  values 

W.  G.  Kannaluik 

pure. 

Rosenberg 

plotted. 

(1933). 

(1962b). 

Br.H . 

Philips . 

H.  Bremmer  and 

B. . 

_ do . 

Continued  above  work  to  lOO^K. . . 

H.  M.  Rosenberg 

W.  J.  de  Haas 

(1964s). 

(1936). 

12 


CONDUCTIVITY,  w/cm  deg  K 


TUNGSTEN  (Cont'd) 


Curro 

Sample  source 
sodsaalysis 

tUmsrks 

Reference 

*-i.6a»t(fc . 

I.  LanRmoir  and 

J.  B.  Taylor 
(HIM). 

At  78*.  194*,  273*K,  approx,  same 
results  as  Kannaluik  (1933). 

W.  C.  Michels 

and  M.  Gox 
(1938). 

O.  A . 

Sum  u  G.  Go. 
abovo. 

Studied  effect  of  ms^etie  field  and 
anisotropy. 

E.  Griineiseo  and 
U.  Adenstedt 
(1937). 

W.J.de  Haas  and 

Tf  M 

i 

ol  4X10"*  lilt.;  measured  effect 
of  magnetic  fim  on  k  and  R. 

J.  de  Nobel 
(1938). 

G.A . 

SuMaaG.Go... 

Singk  crsTstafa;  graph  resuHs  an 
for  a  sample  with  rod  axis  par¬ 
allel  to  lOlOj  crjntal  axis;  for  u- 
other  crystal  with  rod  axis  pv- 
allel  to  1100]  axis,  k  =22.2  at 
21’K;  R. 

E.  Gnineisen  and 
H.  Adenstedt 
(1938). 

*=U3at77TS,  IR7at9(rK,ai>d 
l.WatO"C. 

M.  Cox  (1843) 

J.  de  Nobel 
(1949). 

•bore. 

higher  magnetic  Belds. 

M.R. . 

1 

1 

Johnson,  Msi- 
they;  WJ99% 
pore. 

Annealed;  a  “•  10.2  X  10"', 
a-6.9. 

K.  Mendelssohn 
aodH.  M. 
Rosenberg 
(18S2b). 

R. . 

a-RSXlO"',  a-4.8 . 

H.  M.  Rosenberg 

1 

(18S4a). 

TEMPERATURE.  "K 
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TEMPERATURE,  'K 


IRON 


IRON  (Cont’d) 


Bunple  sooree 
•BQ  soalyu 

Remark* 

"Pure" . 

*-0.70  at  (PC . 

"Pure".  .1%  C, 
.06%  Mn, 
.02%  Si.  .05% 
Cu,  .03%  P, 

*-0.72all8”C . 

0.1%C-t-met*le 

Also  measured  R,  Cp,  emf;  A*0.67 
at  irC. 

Krupp;  .1%  C, 
J>%  Si,  .1% 
Mn. 

Also  measured  R,  Cp,  emf ;  A  bO.60 
at  irC. 

99.42%  pure; 
.1%C,  .16% 
Mn,  .13%  Si. 

Wrought  iron . 

Bleeirolytie;  two  rods  with  aver¬ 
age  grain  sises  of  1X10"’  and 
6X10"*  cm;  A  =*0.94  and  0.90, 
respecUvely,  atO^’C;  A*=  1 .84  and 

1.83at8(rK. 

Heraeus . 

Electrolytic;  average  grain  siie  2 X 
10-»  cm;  *-0.82  at  0"C  and 
l.natSOTC. 

“Double  re¬ 
fined. 

Tempered ;  electrolytic . 

Ciir?e  aouroe 

and  aoaljnia 


L.  Loren* 
(1881a). 

E.  Griineiaen 
(1900). 


W.  Jaeger  and 
H.Dieaaelborat 
(1000). 


C.H.  Lee* 
(1908). 


A.  Ettcken  and 
K.  Dittrich 
(1927). 


E.  Griineiaen  and 
E.  Goena 


P.Z.J . 


'Technically  I  Two  aamplea  antempercd;  electro-  E.  Griineiaen  and 

- "  '  lytic; ^^1.36  and  0.01  at  sTK,  E.  Goena 

3.01  and  0.3  at  21°K.  (1927). 

Electrolytic;  Ar>0.77  at  18°C .  K.  Kikodii 

(1932). 

Armco;  .01%  C,  |  A=0.7  at  0°C,  0.72  at  196°K,  0.94  W.  G.  Kannaluik 
atOCTK  (1033). 


Between  3°  and  20°K,  the  valuea  J.  Knweil  and 
fan  jwt  below  the  curve  marked  K.  Schafer 

M.  R.  (1939). 

Hadfield;  99.-  I  Forged ;A=0.9 at 90°K, maximum  J.  deNobe’ 
93%  pure.  0(1.3  at  32°K,  0.3  at  16°K.  (1961). 


R.  W.  Power*, 

J.  B.  Ziegler, 
and  H.  L. 
Johnaton 
(i961a). 

K.  Mendebaohn 
andH.M. 
Roeenberg 
(1962b). 


a=10.2X10"‘,  fi“9.6 .  H.  M.  Roeenberg 

(1964a). 


Jobnaon,  Mat- 
they;  99.99% 
pore. 


Jobnaon,  Mat-  o;=18X10"‘,6'«93. 
they;  99.99% 
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CONDUCTIVITY,  w/cm  deg  K 


80  100 


TEMPERATURE,  "K 


PAIXADIUM 


RHODIUM 


Cum 

Sample  source 
and  analysis 

Remarks 

**C%em.  puR**... 

*-0.7  at  18"C:  R,  Cp,  emf . 

k^0A2  at  17^  for  eosunereial 
paQadiom,  0.60  at  irC  for 
“pure". 

G.Re..... 

Hen^;  **pare”. 

Unannealed;  plotted  with  open 
eireles;  R. 

G.Re . 

— do . 

Odd-drawn;  annealed  at  300°C 
for  two  hours;  plotted  with  dark¬ 
ened  circlea;  R. 

M.E. . 

JohnaoD,  Mat- 

Annealed;  a-MXlO"'.  B-11.. 

they;  09.95% 
pure. 

H.Dteaaethonit 

(1800). 


H.  Re^emani) 
(1934). 


ud  H.  M. 
Boaenberg 
(19S2b). 


Cum  Sample  lource 
and  analysis 


.  *=0.g8atirC .  T.Bamttand 

R.  M.  Winter 
(1925). 

.  HeraeuB;''pure”.  Annealed;  A»2.1S  at  83°K,  23.8  E. Giiineiaen and 

at  2rK,  R  E.  Goens 

(1927). 

M. R .  Johnson  Mat-  a=22X10^‘,  B“1.4 .  K.  Mendelssohn 

they;  99.96%  and  H.  M. 

pore.  Rosenberg 

(1952b). 

.  0=10.7X10-',  fl-US .  H.M.Rosenberg 

(1954a). 
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PLATINUM 


Cam 

9uipb«ara 

sadanilyai 

RemariB 

Refetenee 

'Van". . 

;t-o.78s(irc . 

J-H-Onr 

am. 

— do . 

*-a7  St  irc;  R,  Cp,  onf . 

W.  daeaerand 

Urn 

HeDnaelbQiit 

,  <IW0). 

pon**. 

— do . 

Drawn;  dsctriosOy  annesM;  ob- 

(1915). 

E.Gcnaeiseaaad 

taiMd  nme  nsuItB  as  Meissner 
(1«15)  at  31*  and  83*K;  R. 

traS.M  at  3t*K  . 

B. (joens 
(1937). 

Do. 

por®”.' 

of  masnetie  &eld  on  it,  R. 

H.  Adenstedt 
(1938). 

M.  B. . 

Joknno,  Mst- 
tbqr;W.8g))% 
pan. 

a-48X10-»,  5-0.40 . 

K.  MeodelnohB 

andH.  H. 
Ronnbefi 
(1952b). 

H.  H.  Rosenbert 
(1954s). 

. 

IRDOIUM 


Bsoarha 

Saamfemne 

awfaiialjiia 

Rstasase 

A-0A8stl7*C . 

T.BamMaad 

R.  M.  Winte 
(1035). 

M.R. . 

Johnson.  Mat- 

Annealsd;  a-8JIXl(r>  a  -0.77. 

K.  Ueadehsoha 

tbey;99J)5% 

aKlB.M. 

pure. 

Rossnhwn 

(1963b). 

Be . 

,^-4.8X10-*.  a -0.75 . 

B.M.RaHdMi| 

a964a). 
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TEMPERATURE,  "K 


COPPER 


COPPER  (ConPd) 


Sample  anm 
aad  aoalyni 


Carre  Sam^  naree 
sad  soalyaif 


“Pore" . I  JI:»3a((rC.. 


_ do . 


One  ample  had  Jl— 3.6  at  lOT; 
theseoood,  UstlO*C. 


“Pure” .  ii:-33lsll«\;. 


. . .  .do .  *-3.73  at  IVC;  R,  Cp. 


“Very  pore"... 


“reck,  pare" 


*-3.96  ot  2irC. 


"Soft  drawn,  kigb  eoodaetiritjr”; 
*-3.8  St  2rC;  reeolts  st  lOSTK 
sre  elose  to  tbe  P.SJ.  corre. 

Eketrolytic  rapper  wires;  rslues 
St  21°,  91'  sod  273*  sre  eloK  to 
tito  W.-l  curve. 

Natora)  ringle  crystsi;  reeuHs  on- 
oertsin  due  to  very  smsU  riK  of 
sample. 

Aimoiimstely  on  curve  of  W.-3 
downto2iri( 


L.  liocens 
(ISSls). 

J.  H.Qrsy 
(1896). 

E.  Qrooeisa 
(1900). 

W.  Jweg&t  sod 
H.DiessdIiant 
(1900). 

W.Sebsufel- 
beifer  (1902). 

C.  H.  Lees 
(1908). 


W.  Meissner 
(1916). 


R.  Schott 
(1916). 


Measured  18  ssmpku  of  vsrioa 
crystal  structure,  purity,  and 
aoneslinc  st  21*  sad  83'K;  R. 

Single  crystal;  between  96'  sod 
300'K,  the  results  sre  cicse  to 
curve  W.-l. 

Measured  14  different  copper  ssm- 
plant20'sod  90'K;R. 


Studied  effect  of  magnetic  field  i 
*,  R. 


Johnson,  Mat-  Machined  and  annealed . 

they;  free  of 
Oi;  .003%  each 
Ag,  Ni,  sod 
Pb. 

Am.  Brass;  "0.  Oiygen-free,  high  conductivity. . 


E.  Gruneiueo  sad 
E.  Goea 
(1927). 

W.  G.  Kannshrik 
sndT.U.Lsby 
(1928). 

E.  Griineiaen  and 
H.  Reddemaoa 
(1934). 

W.J.dcHsaand 
T.  Bicruisa 
(1936). 

E.  Griineiaen  and 
H.  Adenstedt 
(1938). 

J.  F.  Allen  and 
E.  Meodoa 
(1947). 


R.  W.  Powers, 
D.  Schwarts, 
and  H.  L. 
Johnston 
(1961). 


CONDUCTIVITY,  w/cm  deg  K 


COPPER  (Cont’d) 


Cum 

Sunple  aource 
and  analysis 

Reisarks 

R^erence 

B.  McD... 

Johiuon,  Mat- 
Uiey;  .0006% 
Ag,  .0003% 
Ni.  .0004% 
Pb. 

C<M-<lrawn,  then  annealed  9  hr  ' 
at  46(fC  in  helium  gas. 

1 

R.  Berman  and 

D.  K.  C.  Mae- 
DooaU  (1862). 

M.R, . 

Johnson,  Ma(- 
ihey;  99.999% 
pure. 

AniwaM;a=3.2X10~*.  0-0.36. 

1 

K.  Mendehsohn 
andH.  M. 
Rosenberg 
(1952a). 

Ni.'h..... 

Gen.  Elee.; 

PotyerystaUine  vire . 

high 

purity". 

T.  P.  Taeng 
(1863). 

W.-1 . 

Johnson,  Mat* 
they;  99.999% 
puie;  same  as 
0.  MacD. 

Aa  cald..baini;  a  •  ZA5  X  10~*, 
0=1.16. 

0.  K.  WUte 
(1863c). 

W.-2 . 

Da 

for  3  hoan:  a“2-WX10“‘, 
0-0.21. 

W.-3 . 

Do 

B. . 

a»2JlX10-»  3-0.35 . 

H.  M.  Rosenberg 
(1964a). 
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CONDUCT/VfTr,  w/cm  deg  K 


S«inpl«  Muree 
»Qd  snalyra 

Remarks 

Reference  Curve 

J.  H.  Gray  . 

(1895). 

M.II8%pate — 

k^AJiX  at  18”C; akra  measured  R, 

W.  Jaeger  and  , 

Cp,  and  emf. 

H.Difsselhorst  M.  R. . 

(1900). 

Johnson,  Msi- 

Lathe-turned  from  a  larger  rod _ 

C.  H.  Irees 

they;  99.9% 

(1908). 

pure. 

Two  siWer  wires  had  A:«4.11  and 

W.  G.  Kannaluik 

d.(MatO"C. 

(1931). 

Htlger;  trace  of 

At  90°,  I9S°,  and  273°K  valuea  are 

W.  G.  Kannaluik  W.  1-5... 

Cu,  Pb,  Bi. 

somewhat  higher  than  those  of 

(1933). 

M*,  Cl,  Ni, 

Leea  (1908). 

Si. 

1 

Fi^e  rods  of  silver,  varied  in  com- 

E.  Gruncisen  and 

position,  annealing,  crystal  ' 

H.  Reddemann  R. . 

structure  At  20*  and  OCHC  pure  , 

(1934). 

rods  had  valuea  close  to  curve 

W.-3;  K. 

Samite  source 
and  analyns 

Remarks 

Reference 

U6oig*scbmid.. . 

Annealed;  electrcJytic;  A»31.4  at 
2]*K;  measured  effect  of  mag' 
netic  held  on  k  and  R. 

£.  Gruncisen  and 

H.  Adenstedt 
(1938). 

Johnson,  Mat- 
tbey;  W.99% 
pure. 

a=9.0Xl(r‘,  0  =  1.6 .  . 

K.  Mendebsohn 
and  H.  M. 

Roaenberg 
(1952a).  ^ 

.  .  .do . 

Measured  effect  of  magnetic  field. . 

K.  Mendelssohn* 
aodH.M. 

Roaenb^ 

(1953). 

Johnson,  Mat- 
thpy;99.999% 
pure. 

No.  1  was  unannealed;  #2,  an¬ 
nealed  at  65(fC,  grain  site  0.1 
mm;  #3,  ccdd-drawn;  #4,  the 
previous  one  annealed;  #5,  a  re¬ 
run  of  #4, 

G.  K.  White 
(1953b). 

Johnson,  Mat- 
they. 

o=5X10-»,  0=OJ . 

H.  M.  Rnaenberg 
(1954a). 

CONDUCTIVITY,  w/cm  deg  K 
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CONDUCTIVITY,  w /cm  deg  K 


GOLD 


Cum 

Suni^e  source 
SDo  smiysn 

Remarlts 

Reference 

*-3.14  mt  ITO . 

J.  H.  Gray 
(189S). 

W.  Jaeger  and 
if.Dieaaelbont 
(1900). 

W.  Meiaaner 
(1916). 

T.  Barratt  and 

R.  M.  Winter 
(1926). 

U.  Maaumoto 
(1927). 

E.  Griineiaen  and 
E.  Goena 
(1927). 

W.  Q.  Ifannalnit 
(1931). 

A:«’2.93  st  18*C;  s  less  pore  sam- 
'  pie  bad  A:»].79  si  IfTC;  R,  Cp. 
emf. 

Myliai;09.M9% 

pure. 

*-2.9«  at  17°C . 

*-2.98  at  24"C . 

Sx  aamplea  at  varma  axapaa- 
tioD,  annoling;  R.  lUeulti  for 
“yah  pure”  gold  at  21°  and  83° 
K  fall  eloae  to  curve  VM. 

*-3.09  at  0°C . 

GOLD  (Cont’d) 


Curve 

Sample  source 
and  analysis 

Remarks 

Reference 

M.R  . 

5-1.16 . 

tiiey;99r999% 

'  pure. 

and  H.  M. 
Rceenberg 
(1962a). 

W.1,2.,.. 

i  Garrett,  David¬ 
son, Matthey; 
99.9%  pure 
(comm.);  Ag, 
trace  of  Pt, 
Fe.  Pb.  Cu, 
Sn. 

No.  1  sample  unannealed;  #2,  an¬ 
nealed. 

G.  K.  White 
(1963a). 

W.3.4,6.. 

Johnson,  Mat- 
tbey;  99.999%  , 
pure;  trace  of 
Ag,  Cu;  faint 
trace  of  Cd, 
Fe,  Mg,  Na,  ^ 
Ca,  Zn. 

No.  3  aample  coU-diawn;  #4,  an¬ 
nealed  in  vacuum  at  700°C  for  3 
bouia;  #6  waa  the  fourth  re¬ 
drawn. 

Do. 

a-19X10-‘  fi-1.13 . 

H.  M.  Rosenberg 

. ! 

(1964a). 
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CONDUCTIVITY,  w/cm  deg  K 


Semple  sooree 
eoaeiieijnis 

Remarks 

“Pore” . 

*=1.1  St  18"C;  R,  Cp,  eaif . 

"Pate  redis¬ 
tilled”. 

Lsthe-tumed  from  s  esst  stick _ 

99.993%  pure. . . 

^Dgle  etytUX;  also  measured  poly- 
crysteUine  samples. 

K^beum . 

*=1.26at83°Ksiid  IMttOV... 

KAhIbAum; 

“pure”. 

Kagle  crystals  each  sritb  rod  sxia 
parallel  to  main  crystal  axis.  An¬ 
other  sample  with  axes  pcrpen- 
dicalar  had  a  eoadoetinty  10% 
lower. 

W.Jaenaad 

H-DieaelhoRt 

(1900). 

C.H.  Lees 
(1908). 

C.C.Bidwenud 
E.  J.  Lewis 
(1929);  sbo 
&J.  Lewis  ind 
C.  C.  Bidwell 
(1928). 

J.Stsebler 

(1929). 

E.  Goens  sod 
E.  GrBneisen 


Sample  soaree 
and  analyais 

Remarks 

H]lgef;99.905% 

pure. 

PolycrystaDine;  31  X  10~t, 

B  -  0.4. 

Imperial  Smelt- 
in*;  99.997%. 

No,  2  had  rod  axis  inclined  80*  to 
bexagooal  crystal  axis,  a~34X 
10^,  a -0.7;  #3,  inclined  13", 
a=31X10-‘,a-0.6. 

Same  as  M.  R. 
1,3,3. 

Measoted  effect  of  magnetie  field. . 

o-30X10~»,  3«0.6 . 

aiidH.M. 

Bosmberg 

(19S2s). 


sndH.  M. 
Beeenberg 
(19S3}. 


CONDUCTIVITY,  w/cm  deg  K 
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TEMPERATURE , "K 


(See  previous  page  for  the  table  on  ZINC.) 


CADMIUM 


Sunple  foune 
ind  auiysis 

Remstks 

Reference 

Tore . 

ii:-0.92st(rC . 

(1881). 

Jt»0.93  at  18”C;  R,  Cp,  emf . 

W.  Jseier  and 
H.Diesselhcnt 
(1800). 

"Pore  redis¬ 
tilled". 

Lathe-turned  fran  a  east  stick _ 

C.H.Leea 

(1908). 

Kshlboom; 

"pwe”. 

A:-1.02at273°and  194°K,1.23at 
83"K. 

A.  Eueken  and 

G.  (JehlhoS 
(1912). 

Kahlboam; 

“elieB.pare''. 

At  20°  and  273'K  ralues  bD  jost 
below  upper  eurre  of  Go.  0. 

R.  Schott 
(1916). 

CADMIUM  (Cont'd) 


Curre 

Sample  Booroe 
and  anatyna 

Remaita 

Reference 

Go.G . 

II 

Kahlfaaom; 

“pore". 

Two  augle  crystals,  each  with 
main  crystal  and  rod  axes  par- 
allcL 

E.  Goens  and 

E.  Grfineiaen 
(1932). 

Go.  G . 

Single  ervBtal  with  main  cryetal 
and  rod  axes  perpendicalar. 

Do. 

1 

Hi}Ker;99.9Q9% 

pore. 

Measured  eflect  of  magnetic  6eld. . 

K.  Mendehaohn 
andH.  M. 
Rosenberg 
(1981). 

M.  R. . 

Hilger; 

99.9999% 

pure. 

Cast  in  glass;  a  =  140  X  10~‘, 
fl  =  0A. 

K.  Mendelssohn 
and  H.  M. 
Rosenberg 
(1862a). 

Measured  effect  of  magnetic  field. . 

andH.  M. 
Rosenberg 
(1953). 

R... . 

Maximum  cooductiTity  of  ''8  be¬ 
tween  4’  and  6°K;  a=i22X 
1»-*,  S=0.02. 

H.  M.  Rosenberg 
(1954a). 

1 
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CONDUCTIVITY,  w/cm  deg 
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TEMPERATURE  ,'’K 


MERCURY 


Curve 

Sam^  aouroe 
aocf  anslyaii 

Remntkn 

Reference 

Oa.  Ht.. .. 

H.  Kamerlingb 
Omnes  (1914). 

Measured  in  the  liquid  state  and  in 
solid  state  near  melting. 

G.  Gehlhotr  aud 

F.  Neumeier 
(1919). 

R« . 

Hcnnund  ten  single  OTStsI  rods: 
tidl  into  foor  gtonim.  No.  1,  tod 
axis  parallel  to  crystal  mis;  #2, 
axes  inclined  26°;  #3,  nxes  in¬ 
clined  45°;  #4,  axes  perpen- 
diealar.  | 

H.  Reddemann 

(1932). 

H.  Br . 

petconducting  states. 

H.  Bremmer 
(1030). 

Ho.  1-5 .. . 

1 

j 

1 

Buio  rad  (#1) 
framJohiMo, 
MaUliey;*2, 
.002%  Cd; 
#3,  .007% 
Cd:#4,.10% 
In;  #6, 

In. 

Hcmogeneoua  solid  solutions ;  poly- 
crystaOiDe,  but  large  eiyatels; 
measured  in  both  normnl  and 
aupetcoodncting  state. 

J.  K.  Hnhn 
(1950). 

R.T.  Webber 

1 

neiri'K. 

undo.  A. 
Spobr  (1953). 
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(See  previous  page  for  the  table  on  MERCURY.) 
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CONDUCTIVITY,  w /cm  deg  K 


OAUJUM 


Curro 

Sample  sooree 
and  analyns 

Remarks  ' 

Reference 

R. . 

Three  siofpe  crystals  of  different 
orientation;  Na  1 

10-»,  a=4.7:#2,  a=23X10-«. 
fl -0.166;  #3.  a=>S7Xl<r‘, 

3=2.22. 

H.  M.  Rasenbers 
(1954a). 

j 

THAIXIUM 

1 

A.  Euckeo  and 

atara . 

Johnaon,  Mat- 
they;  99.99% 
pore. 

Annealed;  polycryetalline;  meaa- 
ored  effect  of  magnetic  ^Id. 

(1927). 

K.  Mendelssohn 
and  H.  M. 
Rosenbm 
(1963). 

Annealed;  polyeryatalline;  meas¬ 
ured  eondnetivity  below  1”K; 
between  0^  nod  eoo- 

ductiTi^  was  of  fonn  In  A^aT; 
A2»0.2  at  0.62^Ks  0.0015  at 
0^ 

K.  MendelsBohn 
and  C.  A. 
Renton 
(1963). 

B. . 

H.  M.  Rosenberg 
(1964s). 

INDIUM 


Curve 

Sample  source 
and  analysis 

Remarks 

Reference 

AbsiJate  values  were  not  deter¬ 
mined. 

W.J.de  Haas  and 
H.  Bremmer 
(1032a). 

Hu . 

a»189X10-»s  fl«1.38 . 

J.  K.  Holm 
(1950). 

they;  0.1% 
impurity. 

Johnson,  Mat- 
they. 

Single  oystal;  measured  ooodoct- 
ivity  in  intermediate  state. 

D.  P.  Detwiler 
andH.  A. 
Pairbsnk 
(1952a.  b). 

M.R. . 

Johnson,  Mat- 
they;99M3% 
pore. 

o=190X10-‘,  fl=0.4;  measured 
in  both  normal  and  supemm 
ducting  state. 

K.  Mendelmohn 
and  H.  M. 
Rosenberg 
(1952a). 

K.  Mendelssohn 
andH.  M. 
Rosenberg 
(1953). 

Measured  effect  of  msgnetie  6eld . . 

Measured  conductiTity  below  1*K; 
between  0.2°  and  0.7°K,  con¬ 
ductivity  equation  was  Jr— 2Ji 
XIO-*^;  *=.019  at  0.8°K. 
.003  at  0.4(rK. 

K.  Mendelssohn 
and  C.  A. 
^ntoo  (1963). 

E. . 

a=185X10“*»  j(J“*0.36  for  nor¬ 
mal  state  conductivity. 

H.  M.  Rosenberg 
(1964a). 
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TEMPERATURE,  "K 


80  too 


CARBON  (Graphite) 


CARBON  (Graphite)  (Cont'd) 


Carre  Semple  none 
end  eneiyn 


PeneO  ked;  denaitjr  of  3.11  g/eaf; 
*>0.16  et  irC. 


ddwMB  greph-  *-1.78  et  123%  1.73  et  3Q0°K. . . 
ite. 


Cerbon;  80%  k-OJOUttCTC . 

petroleom 
eoke,  30% 
lempbleok. 

Adfon  greph-  Two  rade  geee  *—1.31  end  1A7 
ite.  etirC. 

Netionnl  Cer-  For  eaemple  with  rad  enenueOd 
bon;  tnbrnnn  to  eitanaion  dinetna,  *—1.76 

gin^iite.  ettrc,  2Aet82^;fareeeoa[ri 

ample  with  rad  eiie  perpendie- 
oler  to  eztneion,  *—1.13  et 
0*C;  1.76  et  83%. 

Netionnl  Cer-  *-0d)6  et  OTC,  OOl  et  82% . 

bon;  enrbon 


Mamed  oondnetiTitia  of  graph¬ 
ite  end  amorphoae  oeiboo. 


T.  Barrett  end 
S.  H.  Winter 
(1836). 

A.  P.  Cnij 
(1833). 


B.  W.  Powe 
F.H.Beh< 
(1838). 


B.A.BDencfaH)er 

(1844). 


Meeiared  effect  of  eryatal  eiie - 


8«  MimKimM 

end  J.  Okade 
(1861). 

8.  Hraaowaki 
(1863). 


1 

Simple  Booroe 
lad  aJuJyn 

Remvks 

Atomie  Energy 
Res.  EsUb- 

liifh. 

Artificial  graphite  rods;  Tcry  ani- 
sotropie;  anpriined  oombeis  re> 
fer  to  rods  with  axes  pandldl  to 
directioD  of  extrunoo;  primed 
Dombers  refer  to  rods  with  axes 
p^peDdicolar  to  the  extrinoD; 
densities  wne  respectirely  1.79. 
1.60»  and  1.77  crystal 

Siam  2000, 1000,  and  900  A. 

Nstonl  grB(^ 
ite. 

Denaity  3.26  g/cm*:  eryatal  aiae, 
2000  A;  onpeimed  nomber  re- 
feia  to  aam^e  with  ite  rod  axia 
parallel  to  preferred  c-axie; 
primed  nnmlm,  perpendieolar. 

NstioDil  Csr* 
beo;grspfaite. 

Denntiee  were  1.70  g/cn^;  rod 
axes  woe  respeetiTdy  p^pen- 
dicolar  and  parallel  to  toe  pre¬ 
ferred  c-axea. 

NstunU  gnph* 
ite. 

Molded;  density  ot  1.80;  rod  axis 
perpendieultf  to  preferred  c- 
axis. 

LempUack . 

Molded:  denaity  of  1.66;  rod  axia 
paralld  to  proeried  c-exie. 

Abetraet  only;  data  not  ginn . 

SBUCON 

Imparitia  of  1 
XllH  percent 

"Filament  cat  from  a  crystal  poQed 
in  (1001  dir^on;"  A*1.48  at 

M  abown  by 
HaQ^ect. 

0°C,8at80°K,  18Aat3(rK. 

R.  Berman 
(1852). 


A.  C.  Wikoo 
(1853). 


T.  U.  Gebelle 
(1854). 


I 


CONDUCTIVITY, w/cm  deg  K 


TEMPERATURE, “K 


(See  next  page  for  table  on  TIN.) 


GEBMANIITM 


Cum 

SuD^aooroe 

andvttljw 

Remaii* 

BcfcRDce 

‘’Bich  purity" . . 

Cast;  hither  of  two  Qe  eumo  oo 

I.EatennannaDd 

figuna  18  ud  ItU. 

J,  JS.  Ztouna^ 
umn  (1951). 

a.  25 . 

0.006  stomic  % 

Cast;  lower  <i  two  Ge  wiiteo  on 

Da 

ofAL 

Sguni  18  and  19a. 

CONDUCTIVITY,  w/cm  deg  K 


Sampk  source 
sod  udysis 

Remarks 

“Pure” . 

*-0.Mat(rC . 

"Pafe"  .03% 
Pb. 

A-0.61  at  ITO . 

“pure”. 

Measured  the  relstire  ehsnge  in 
coaduciiTity  at  low  tempera¬ 
tures,  absolute  values  not  given. 

Johnson,  Mst- 
they;  No.  1, 
99.900%  pure; 
#2,  .03%  Hg 
sdded;  #3, 
.3%  Hg  nd- 
ded;#4,4.1% 
Hgidd^ 

Samples  1-3  were  homogeneous 
solid  solutions;  #4  was  two- 
phase;  both  nonnal  and  super- 
condu^ng  state  measured. 

Reference  Carve 

Sample  souroe 
and  analysis 

Remarka 

L.  Lorens  . 

(1881). 

Measured  relative  change  upon  be¬ 
coming  Bupercoodocting. 

W.  Jaeger  and 

H.Dieeselbocst  Ra.1, 2... 

Chempur;  99.- 

Single  erj'atnb  witb  tetragonal  ann 

(1800). 

882%  pare. 

inebned  86°  to  rod  axia. 

C.  H.  Leea  . 

Johnson,  Mat- 

Measured  coodoctivity  in  the  in- 

(1808). 

tbey;09.996% 

pure. 

termediate  state. 

W.J.deHaaa, 

S.  Aoyama,  . 

Johnson,  Mat- 

Single  crystal;  measured  the  effect 

and  H.  Brem- 

they; 

ot  a  magnetic  field;  for  lero  field, 

mer  (1931)  and 

W.  J.  de  Haas 

98.887%. 

A=26.1  at  4.4°K,  18.6  at  SiTK, 
18.0  at  2.4°K,  in  nonnal  state. 

and  H.  Brem- 

mer  (1931a).  M.  Rn. _ 

. do. . 

Kngle  emial;  uiqier  curve  in  fig¬ 
ure  Iw;  supercocductittg  state. 

J.  K.  Hulm 
(1S48,  1860). 

M.  Kn . 

. do . 

Pdyerystalline^  lower  curve  on  fig¬ 
ure  18b;  supercooductiDg  state. 

R. . 

. do . 

a=60X10-‘,  8=0.12 . 

Gd.  1-6... 

No.  1  and  2, 
“specLpure”; 
#3,  0.3%  In; 
#4aod5,3% 
In. 

Polycrystaflioe;  crystal  sues  about 

1  to  3  mm;  east  in  glass. 

C.  Y.  Heer  and 
1.  G.  Daont 
(IMS). 

A.  Rademaken 
(IMS). 

D.  P.  Detwiler 
H.  A.  Fairbaak 
(lS62a,b). 

K.  Mendelaaoha 
H.  M.  Roaaa- 
bOR  (1SS3). 


K.  MaadelaaokB 
C.  A.  Beatoa 
(1«3). 


H.  M.  Boaenbati 
(>S84a). 

B.B.GoodBMB 

(ISB). 


CONDUCTIVITY, mw/cm  deg  K 
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CONDUCTIVITY, w/cm  deg  K 


*-0^  It  (TC . 

L.  Lorens 

H.Hs . 

Hilger . 

Melted  under  Tacuum;  erys' 

tal;  in  both  normal  and  super- 

(1881). 

cwducting  states. 

AcOJS  St  18"C . 

W.  Jseger  sod 

H.Diemelhorst 

(1900). 

. 1 

. do . 

Two  single  crjntsls . 

A=0^  St  WC,  0.4S  St  90°K . 

P.  Maechia 

M.O . 

0.02%  Bi . 

In  both  normal  and  supercmiduct* 

(1907). 

ing  states. 

Lsthe-turoed  from  s  bsr . 

C.  H.  Lees 

(1908). 

CfM-drawn . 

stestste. 

W.  Memer 

(1916). 

Results  agree  with  MeisBner  (1915). 

R.  Schott  (1916). 

M.R. . 

TadenaCe  99.' 
998%  pure. 

Sngle  crystal,  measured  in  both 
norma!  and  supercooductiog 
states;  normal  curve  gives 

*=0J8  St  12^.  0.36  St  2rC . 

T.  Pceisiski 
(1917). 

1 

a=‘325Xt(t-‘,  3=0.10;  ssiue 
curve  on  gnph  as  H.  Riu;  ex¬ 
periments!  points  msrked  by 

C.  C.  Bidwell 

filled  circles. 

sod  E.J.  Lewis 
(1929). 

O.Hn..... 

Single  crystal . . . 

Measured  relatiTe  temperature 

W.  J.  de  Bsss 

vsristion. 

and  H.  Brem- 
mer  (1931). 

Tadeoac . 

Measured  effect  of  magnetic  field. . 

Mesmrad  in  both  nocmsi  sod  so- 

H.  Bremmersnd 

1  pereouduetiiig  states. 

W.  J.  de  Uses 
(1936). 

Sante  as  M.R.. . 

A=26  St  3.1°K.  28  st  2.7°K;  eon- 

Measured  changes  in  coodoctiTi^ 

K.  Mendelasohn 

tinustioa  of  work  of  Meodeb- 

during  snfKreoodtteting  tisnsi- 

snl  &  B. 

sohn,  Rosenberg  (1952b); 

tioo. 

Pontius(1937). 

a=290X10-*,  3=0.10. 

sod  H.  Bsde- 
mskets  (1040). 


sod  J.  L.  Oben 


aodD.A.8pahr 


C.  A.  Reotoo 


sndH.  M. 
RoKobeis 
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CONDUCTIVITY,  w/cm  deg  K 


TEMPERATURE  /K 


ANTIMONY 


Cuire 

Sample  aouree 
and  snalysiB 

Remarks 

Reference 

*=0.19atO*C . 

(1881). 

E.  Oh . 

O.  GehlhofT 
(1912) 

Gh  Ne.  .. 

R. . 

“pure". 

F.  Neumeier 
(1913a). 

Measured  effect  of  site;  sam¬ 

ple  with  largest  ..rains  had  a 
cooductivity  close  to  the  Gh. 
Ne.  curve. 

**cbeia.  pure”. 

0.  Neumann 
(1924). 

Measured  effect  of  magnetic  field 
on  k  and  R  for  single  and  poly- 
crystalline  rods;  at  80°  and  9(rK 
results  agree  vith  those  Gh. 
Ne.  curve. 

“pure”. 

(1947). 

R. . 

H.  M.  Rosenberg 
(1954a). 

1 

1 

BISMUTH 


Curve 

! 

Sample  source 
and  analysis 

Remarks 

Reference 

*=0.074  at  (PC . 

(1881). 

“Pure” . 

*=0.081  at  18“C;  R,  Cp,  emf. 

W.  Jaegar  and 
H.DieaaeUKicat 
(1900). 

At  sr,  194*,  and  29rK  raults  are 
close  to  Rodine's  upper  curve. 

E.  Giebe  (1903). 

Drawn;  at  83°,  194°,  and  273°K  re¬ 
sults  are  close  to  Rodine’s  upper 
curve. 

G.  Gehlhoff  and 
F.  Neumei^ 
(1913a). 

"pure”. 

Measured  pressed  powders;  k= 
0.21  at  83°K.  0.08  at  (PC. 

G.  Gehlhoff  and 
F.  Neumeier 
(1913b). 

0.02%  Pb,  trace 
Fe. 

Single  crystals,  measured  anistropy . 

G.  W.  C.  Kaye 
and  J.  K. 
Roberts 
(1923). 

A.  Eucken  and 

0.  Neumann 
(1924). 

Measured  effect  of  magnetic  field 
on  cMiductivity  in  single  cryatab. 

G.W.GKayeand 
W.  F.  Higgina 
(1929). 

BISMUTH  (Cont’d) 


Corve 

Sompk  source 
ami  analyais 

Remarks 

Reference 

Re . 

Kabibaum; 

“pure”. 

Rod  axis  inclined  SCT  to  crystal 

H .  Reddemann 

axis;  studied  effect  of  magnetic 
field;  R. 

(I-W4). 

Bo . 

Measured  two  single  crystals,  one 
with  rod  axis  parallel  to  trigonal 
crystal  axis,  one  perpendicular. 

M.  T.  Rodine 

(1934). 

H.  C.1,2, 

3. 

Hileer;90.99&% 
pure,  trace  of 
silTer. 

j 

Single  crystals;  No.  1 ,  rod  axis  par¬ 
allel  to  mmo  crystal  axis;  #2, 
rod  axis  parallel  to  binary  axis; 
#3.  rod  axis  parallel  to  bi&sect- 
rix  of  binary  axes. 

W.  J.deHaaasnd 
W.  H.  Capel 
(1934a,  b). 

At  83**  and  9(rK  results  are  close  to 

G.  Gruneisen  and 

the  ones  above;  measured  effect  ' 
of  magnetic  field  on  k  and  R. 

J.  Gielesscn 
(1936). 

H.Oe.C... 

UOgtt;  .002% 
auTCT.tnueof 
Pb. 

Single  cryst^;  rod  aus  parallel  to 
main  crystal  axis;  measured  ef¬ 
fect  of  magnetic  field. 

W.  J.  de  Haas, 

A.  N.  Gerrit- 
sen,  and 

W.  H.  Capel 
(1936). 

S.  Shalyt  (1947). 

77.4°K. 

Meuored  effect  d  magnetic  field . . 

E.  Griineisen. 

K.  Rausch, 
and  K.  Weiss 
(1960). 

TELLURIUM 


Curve 

Ca . 

Sample  source 
and  analysis 

Reinarke 

Reference 

99.999%  pure . . . 

No.  1,  a  single  crystal  with  rod 
axisparaUeltomaiocrystalaxis;  | 
#2  and  #3  are  polycrystalline; 
also  measured  R,  emf.  | 

C.  H.  Cartwright 
(1933). 

CERIUM 

R.  .  .  . 

1 

A=T/900from  . ' 

H.  M.  Reaenbeig 

1 

(1954a). 

URANIUM 


T.W.  W. 

Quenched;  also  measured  R,  emf. . 

W.W.  Tyler, 

A.  C.  WUsao, 
andG.  J. 
Wolga  (1962). 

M.  R. 

a»750X10-‘,  fl=95 . 

Res.  L«b. 

andH.  M. 
Reaenbetg 
(1952b). 

R. 

ft-790X10 fl=93 . 

H.  M.  Rosenberg 
(1954a). 
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2.3  Alloys  and  Commercial  Metals 

The  values  for  conductivities  of  experimental  bols  and  manufacturing  tempers.  The  names  or 


and  commercial  alloys  are  given  in  figures  22 
through  29a  and  in  the  following  tables,  arranged 
according  to  periodic  group  of  the  major  com¬ 
ponent.  In  several  instances  a  particularly  large 
class  of  alloys  has  been  separately  presented, 
i.  e.,  copper-nickel  alloys.  Many  of  the  experi¬ 
mental  results  are  for  a  limited  temperature 
range,  so  more  of  the  data  are  presented  in 
tables  than  in  section  2.2  on  metals.  This  sec¬ 
tion  is  also  not  as  complete  as  section  2.2  be¬ 
cause  many  of  the  data  were  published  in  now 
unavailable  journals  or  institute  reports.  As  for 
the  preceding  tables  the  following  tables  con¬ 
tain  columns  indicating  the  curve  identifying 
marks,  composition,  conductivity,  remarks,  and 
reference.  In  addition,  they  occasionally  con¬ 
tain  information  on  trade  designation  or  sym- 

iHetals  Handbook,  1948  ed..  Am.  Soc.  for  Metals,  Cleveland, 


ALKAU  METAL  AIXOYS 


Nominal 

Comporitiaa 

(%) 

Conductivity  and  remarks 

Reference 

v/cm  deg  K 

Sodiam-potuaium ; 
5(MM)  by  stomie 
percent 

1 

*  =0.29  at  -8.rC.  OJO  at  -  lO-O'C . 

J.  W.  Hornbeek 
(1913). 

BERYLUUM 

Coounoicially  pore; 
Beryllium  Co.  of 
America. 

See  figure  2,  under  “MeUlUc  Elemeuta" _ 

E.  J.  Ijewis 
(1929). 

Copper-beryllium 

See  ^‘Copper  Alloys” . 

MAGNESIUM  ALLOYS 

OAMn . 

*=1.«0  at  273“K,  U4  at  srK  ■ . 

J.  Staebler 
(1929). 

0.8  Mn . 

at  273TC.  1.22  at  STK  ‘ . 

Do. 

2  Mn . 

*-1.18  at  273^,  0.87  at  STK  > . 

Do. 

3J14Hn . 

*-1.02  at  27y’K,  0J17  at  87TC  > . 

Do. 

t  A1 . 

*=0.80  at  273TC,  OM  at  87”K  > . 

Do. 

8A1 . 

*=0.65  at  273°K,  0.42  at  OTK  > . 

Do. 

12  A1 . 

*-0Ji9  at  273%  0.33  at  STIC  ■ . 

Do. 

0.7  a . 

*=1.48at273TC,  l.lOatOTK' . 

Do. 

lA  a . 

*-1.40  at  273"K,  0.96  at  OTK  > . 

Do. 

8  Ce . 

*-1.25  at  273%,  1.06  at  STK  ■ . 

Do. 

12  Ce . 

*-1.03  at  273“K.  0.81  at87%  > . 

Do. 

8Cu . 

*-1.26  at  273%  0.88  at  8rK' . 

Do, 

8Zn . 

*=1.19  at  273%  0.89  at  87%  > . 

Do. 

8Cd . 

*-1.42  at  273%  1  JO  at  87%  > . 

Da 

2a,tAl . 

*-0.69  at  273%,  0.48  at  8rK  > . 

Da 

2a.8Al . 

*-0.61  at  273%  0J8  at  STK  « . 

Do. 

2a,10Al . 

*-0J6  at  273“K,  0J9  at  STK  > . 

Da 

2a.l2Al . 

*-0 J4  at  WTK.  0.28  at  87%  > . 

Do. 

1  Chillout;  sho  meimnd  R. 
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numbers  and  the  arrangement  within  a  group 
are  based  upon  the  corresponding  arrangements 
in  Metals  Handbook.  i  The  composition  limits 
for  many  of  the  alloys  are  also  taken  from  the 
Metals  Handbook.  The  tables  listed  below, 
which  quote  “company  or  trade  manuals”,  are 
all  based  on  room-temperature  values. 

In  pure  metals  the  greater  part  of  the  energy 
transfer  is  by  electrons,  whereas  in  alloys  the 
transfer  by  the  lattice  vibration  is  very  signifi¬ 
cant  and  may  be  the  predominant  mode.  For 
that  reason  the  conductivity  is  not  as  sensitive 
to  small  differences  in  composition  as  it  is  in 
nearly  pure  metals.  It  will  be  noted  in  the  fol¬ 
lowing  graphs  that  the  conductivity  curves  of 
alloys  with  similar  compositions  are  usually 
parallel  to  each  other  and  seldom  intersect. 

Ohio. 


MAGNEJSIIXM  ALLOYS  (Cont’d) 


Nominal  i 

Composition 
(%) 

Conductivity  and  Remarks 

Reference 

w/cm  deg  K 

15  Cu . 

*-1.54  at  273“K,  1 J1  at  87%;  chiU-cast. . . 

W.  Mannchen 
(1931). 

20(7u,  3  Si . 

*-1.08  at  273°E,  0.89  at  STK;  chiU.ca8t. . . 

Do. 

3J  Ag . 

1 

*-1.31  at26‘C* . 

R.  Kikuebi  ' 
(1932). 

6.0  Ag . 

*=U8at2rC» . 

Do. 

2.1  A1 . 

*=0.88  at  arc* . 

Da 

4.2  A1 . 

*=0.69  at  22°C  « . 

Do. 

6.2  A1 . 

*=0.66  at  22”C  * . 

Do. 

SJAl . 

*-0.61  at  18°C  » . 

Do. 

10.3  A1 . 

*-0.46atl9'C» . 

Da 

12.2  A1 . 

*=0J9at23”C» . 

Do. 

2.4  Cu . 

*=1.39at20'C”« . 

Do. 

6.3  (5u . 

*=lJlat24°C* . 

Do. 

1.9  Ni . 

*=lJ8at2(rC* . 

Do. 

5.8  Ni . 

*=t.26at24'C» . 

Do. 

2.2  Sn . 

*=1.06at2rC* . 

Do. 

6.4  Sd . 

*=0.74at22'C» . 

Do. 

2.1  Zn . 

*-U6at26’» . 

Do. 

6.1  Zn . 

*-1.09at2rC» . 

Do. 

4  Zd,  0.6  Cu . 

"Elektron”  *= 1.14  at  26'  C°« . 

Do. 

4Al,lZn,lCd.lSn. 

*=0J6at22'C« . 

Do. 

6  Al,  3  Zd,  0.4  Cu. . . 

“Doir  metal”  *-0.61  at  29°C « . 

Da 

4  AL  0^  Zn,  2  Cd, 
ISd. 

*=0.63at22°C» . 

Do. 

4  Al.  3  Cd,  1  Sd  .  . . . 

*-0.69  at  22'C  « . 

Do. 

4AI,2  0i,2  8n.... 

*-0J6at30'C'» . 

Da 

>  Vacuam-annealed. 

BIAONKSHTM  AULOYS  (Confd) 
COMPANY  AND  TRADE  MANUALS 


A8TM 

deuignatiaD 

tmiK  deuignatiana 

Nominal 

compoaitioo 

(%) 

Cooduetinty 

w/emdeg  K 

A  8 . 

Dowmetal  A;  Maalo  AM  241^rit- 
yk  DTD  S9A.  DTD  289,  Elek- 
troo  A8,  Elektroa  ASK. 

8  Al,  03  Mn. . . 

0.75 

A  10 . 

10  AI,  0.1  Mn. . 

.71 

C598;  Britiab  DTD  259;  Elek- 
troo  VI. 

AM  80  A . 

See  A  8 . 

AM  100  A... 

See  A  10 . 

AZ31X  A.B. 

Dowmetel  FS-l;  Mulo  AM-C52S; 
Hl^iieUght  F^i;  British  DTD 
l20A;ElektroQ  AZ31. 

3  Al,  1  Zn,  0.3 
Mn. 

.96 

AZ  51  X. 

6AI,  lZn,0.25 
Mn. 

.88 

AZ61X.A,B. 

Dowmetal  J-1;  Mailo  AM>C57S; 
Whitelight  J-1 ;  Britiah  DTD  8SB, 
DTD  120A,  DTD  259;  Elektron 
AZM. 

6  Al.  1  Zn,  03 
Mn. 

.80 

AZ  63,  A . 

Dowmetal  H;  Maalo  AM  265;  Brit- 
ieh  DTD  69A,  DTD  289;  Elek- 
troo  AZQ. 

6  Al.  3  Zn,  0.2 
Mn. 

.76 

AZ80X  A... 

Dowmetal  O-l;  Mask)  AM-C583: 
Whitelight  0-1 ;  British  DTD  88B: 
E^ktroo  AZ  555. 

8.6  Al  0.5  Zn. 
.16  Mn. 

.75 

AZ91A,B.C. 

Dowmetal  R,  RC;Maalo  AM  263; 
Britiah  DTD  136A;  Elektron  AZ 
91. 

9i^0.7Zii,0.3 

.71 

AZ  92.  A . 

Dowmetal  C;  Maalo  AM  360 . 

9  Al  2  Zn,  0.1 
Mn. 

.71 

M  1  A,  B . 

Dowmetal  M;  Maalo  AM403,  AM 
38;  White%ht  M;  Britiah  DTD 
143, 118, 1«A;  Elektron  AM  603. 

IJlMn . 

U8 

1 

MadoAM  244 . 

4  Al  03  Mn. . . 

3  rare  eartha, 
0.35  Zr,  03 
Zn. 

0.95 

1 

ALUMINUM  ALLOYS 


CcHnpoaition  (%) 

CoodactiyitF  and  remaihs 

Reference 

0.5  Fe,  0.4  Cq . 

w/emdegK 

A>3.01  at  IS*  C . 

W.  Jaeger  and 

H.  Dieeadborat 
(1900). 

R.  Schott  (1916). 

A>1.93  at  (TC,  1.90  at  SITK,  139 
at21.4‘X. 

Comjwaition  (%)  ■ 

CoodoetiTHy  ^ 

1 

Stete* 

133Cn,03a,0.6Fe> . 

w/em  deg  K  I 

1.24 . ! 

Caat. 

Annealed. 

Caat 

Annealed. 

Caat 

Annealed. 

Oaat 

Annealed. 

Oaat 

Annealed. 

Caat 

Annealed. 

1^3Cn,0.^S,0.6F^lMn 

103  Cn,  03  81  0.8  Fe,  1  Nq 

3  8n>. 

8.4  Cn,  03  a,  0.7  F^  0.7  Mn  . 

8.1  Cn,0.4  8l0.6Fe> . 

1.48 . 1 

0.93 . 

1.33 . 1 

1 

1.36 . 

1.59 . 

14)2 . 

1.36 . 

1.39 . 

5Jf  Co,  03  Si,  0.7  F^  2.2  Sn  . 

1 

1.57 . 

1.47 . 

1.55 . 

ALUMINUM  ALLOYS  (Oont’d) 


Cofflpoiitioa  (%)  ■ 


5.3  Cu,  OJ  Si,  0.8  Fe,  0.5  Mn, 
1.3  Mg* 

a  Cn.  0.4  a.  0.0  Fe,  O.S  Md, 
0.4  Mk.> 

3.5  Co,  0.4  a,  0.9  Fe,  1.8  Ni, 
0.9  M|.> 

4.4  Co.  0.6  a,  0.7  Fe,  2.1  Ni, 
0.9  Mg.> 

3.8  Cu,  6.1  Si,  0.9  Fe,  0.6  Mn, 

1.6  Mg.> 

3.7  Cu,  0.4  a,  0.6  Fe,  12.0  Zn  > . 

3.6  Cu,  0.4  Si,  0.6  Fe,  20  J  Zn  > . 

3.5  Cu,  0.3  Si,  0.8  Fe,  0.6  Mn, 

3.6  Zn.> 

1.9  Cu,  0.1  Si,  1  Fe,  1.5  Mg  *  . . 

1.8  Cu,  0.4  Si,  0.9  Fe,  0.9  Ct  . 


1.8Cu,0JSi,0.6Fe,lNi,  1.6 
Irfg.* 


11.9  Si,  0.8  Fe  « . 

0.1  Si,  0.6  Fe  » . 

8.1  Cn,0.4Si,0.6Fe>.. 


6J  Cu.  OJl  Si,  0.8  Fe.  OJi  Mn, 
1.2  Mg.> 

2.5  Cu,  0.4  Si.  0.9  F^  1.8  Ni, 
0.9  Mg.< 

3.8  Cu,  6.1  Si,  OO  Fe,  0.6  Mn. 

1.6Mf.> 

3.6  Cu,  0.4  a.  0.6  Fe,  203  ai  •. 


2.5  Ci^3  a,  0.9  Fe.  03  Mn, 

1.9Cu,0.ia,lFe,13Mg'... 

1.8  Cn,  03  Si,  0.6  Fe,  1.0  Ni, 
1.6Mg.> 

53  Cu,  03  a,  0.8  Fe,  03  Mn, 
13  Mg.< 

43  Cu.  0.4  a.  03  F^  0.4  Mn, 
0.6  Mg.* 


11.9  Si.  0.8  Fe  < 
0.1  Si,  03  Fe «. 


Conductirity  ‘ 

State  > 

w/cm  deg  E 

1.18 . 

Chit 

IJB . 

1.22 . 

Cast 

U2 . 

1.44 . 

1.53 . 

1.30 . 

1.47 . 

1,00 . 

Cut. 

1.35 . 

132 . 

2.33 . 

1.07 . 

Caat 

1.08 . 

1.25 . 

1.46 . 

1.57 . . 

1.55 . 

1.05 . 

1.09 . 

1.48 . 

Chsi. 

1.56 . 

2.31 . 

Chst 

1.78 . 

1 

1.85 . 

Cut 

2.00 . 

1.33 . 

1.32 . 

1J3 . 

1.23  . 

138 . 

1.33 . 

1  . 

1  1.14 . 

Aged. 

0.98 . 

j  0.98 . 

Ag^. 

2.32 . 

1.69 . 

1.45 . 

135 . 

Drawn. 

1.50 . 

1.48 . 

1.73 . 

Annealed. 

1.73 . 

1 J1 . 

2.05 . 

2.07 . 

Annealed. 

>  BeniKn  by  H.  Muumoto  (1925)  at  27°C. 

*  The  wniilee  woe  ehiB  eait  in  an  ino  moM,  then  annealed  fee  30  minutea  at  45(fC. 

>  Chill.«aat  in  an  inn  mold,  annealed,  then  heated  for  30  minutea  at  about  hOOTC, 
quenched  in  water,  and  later  aged  two  weeki. 

*  Chil|.«aat  in  an  iron  mold,  forged,  then  ctdddtawn  to  60%  of  otipnal  diameter, 
and  later  annealed  for  30  minutea  at  500°C. 


ALi;MIPrt«»f  ALLOYS  (Oont’d) 


ALUMINUM  ALLOYS  (Cont'd) 


W.  Mannchea 
(1931). 


Cnrre 


P.Z.J.-JJ1. 

P.Z.J.-768. 


CompaitioD  (%) 

Remarks 

0317  Mg.  0.42  Fe,  4.10  ()u, 
94.0  Al. 

029  Cu,  0316  Mg,  0.02  Mn, 
0.66  Fe,  0.30^  0.010, 
0.01  Ti. 

As  sUmped;  "Dur- 
alumiiiiuin". 

O.I6CI1),  1.02  Mg,  1.20  Md, 
022  Fe,  0.13  si,  0.02  0, 
0.02  Ti. 

12Oi,62ZD,22Hg,0.2 
Mn,  02  0. 

4.49  Ol  0.01  Zn,  1.47  Mg, 
0.66  Mn,  024  Fe,  0.13 

Si,  0.01  0, 0.02  'n. 

J.  B.  Ziegler, 
aod  H.  li. 
JohnatoD 
(I9S1). 


ALUMINXJM  ALLO¥S  (Cant'd) 
COMPANY  AND  TRADE  MANUALS 


ALUMINUM  ALLOYS  (Cont’d) 
COMPANY  AND  TRADE  MANUALS 


ASTM 

deaicna- 

tioo 

Trade  dengnatioo 

Nominal 

compositioDB  (%) 

Conductivity 

w/cm  deg  K 

EC . 

90.45  AI . 

2.34 

A2 . 

2S;  British  BS  2L . . . . 

99  A1 . 

2.22 

2.18 

WROUGHT  ALLOYS 

MI . 

3S . 

1.2  Mn . 

1.93 

1.63 

1.59 

1.55 

4S . 

1.2  Mn,  1  Mg . 

1.63 

1.63 

CP  21.  .. 

US;  British  BS6L1,.. 

5.5Cu.0.5Pb.0.5  Bi. 

1.55 

CS41.... 

148;  British  DTD  im. 

4.401, 0.SSi.O.SMn, 

1.93 

0.4  Mg. 

1.55 

121 

CM  21 . . . 

17S;  British  BS8L1... 

4Cu,0.8Mg,0.8Ma. 

1.72 

1.21 

A  17S . 

2.5  Cu,  0.3  Mg . 

1.55 

18S;  British  BS  4L2S. 

4  Cui  2  Ni,  0.5  Mg. . 

1.93 

BS  2U3. 

1.55 

B18S . 

4  Cu,  1.5 Mg, 2.0 Ni. 

1.93 

1.72 

CG  21.  .. 

24S;  British  B82L40. 

4.5  Cu,  1J>  Mg,  0.8 

1.88 

DTD  273. 

Mn. 

1.21 

2SS . 

4.8  Cu,  0.8  Mn,  0.8 

1.55 

Si. 

1.93 

32S . 

12.5  Si.  1.0  Mg.  0.9 

1.55 

Cu,  0.9  Ni. 

1.38 

SOS . 

1.2  Mg . 

1.93 

1.93 

CSOS . 

1.3  Mg . 

1.55 

A81S . 

1.0  Si,  0.8  Mg,  0.25 

2.09 

Cr. 

1.72 

GRl . 

82S . 

2J  Mg,  0.25  0 . 

S3S . 

1.3  Mg.  0.7  Si,  025 

1.72 

O. 

125 

S6S;  British  DTD  303. 

5.2  Mg,  0.1  Mn,  0.1 

1.17 

Cr. 

1.09 

GS21.,.. 

81S . 

1  Mg.  0.8  Si,  0.25  Cu, 

1,72 

025  0. 

1.55 

e2S . 

025  Cu,  0.6  Si,  1  Mg. 

1.72 

125 

838 . 

0.4  Cu,  0.7  Mg . 

1.93 

2.09 

ZG  42. . . . 

7SS . 

52  Zn.  22  Mg,  12 

121 

Cu,de3  Cr,0.2MQe 

R301 . 

1  Mg,  0.7  Si,  02  Mn.. 

1.93 

121 

125 

R317 . 

4Cu,02Hn,02Mg, 

1.72 

Pb,  02  Bi. 

1.21 

CASTING  ALLOYS 

85 . 

18 . 

12  a . 

146  to  1.21 

S4 . 

43 . 

5  Si . 

1.47 

8C2 . 

85 . 

58i,4Ca . 

1.17 

108 . 

4Cd,3S . 

121 

1.47 

SC  8 . 

AOeiat . 

6S,3Cu . 

SCI . 

A108 . 

52  Si,  42  Cu . 

1.17 

1.13 

128 

1.42 

112 . 

7  Co,  1.7  Zn . 

1.17 

C822.... 

118 . 

7Cu.28i,1.7Zn.... 

1.17 

1.47 

C822.... 

C113 . 

70I.32SS . 

1.09 

OGl . 

122 . 

10  Co,  02  Mg . 

129 

124 

Trade  dmignation 

Nominal 

eompositioDS  (%) 

Conductivity 

A  132 . 

12Si,2.5Ni,12Mg. 

w/em  deg  K 

1.17 

D  132 . 

0.8  Cu. 

9  Si,  32  Cu,  0.8  Mg, 

1.09 

138 . 

0.8  Ni. 

lOCu,  4  8i.  02Mg  . 

1.05 

142 . 

4Cu,2Ni,  12  Mg. . 

1.67 

195 . 

42  Cu . 

1.34 

121 

i.30 

1.38 

B  195 . 

4.5  Cu,  2.5  Si . 

1.47 

1.38 

212 . 

8  Cu,  12  Si . 

1.42  to  1.88 
1.17 

214;  British  DTD  165. 

3.8  Mg . 

1.38 

A  214 . 

3.8  Mg,  1.8  Zn . 

128 

1.34 

B  214 . 

3.8  Mg,  1.8  a . 

1.47 

P  214 . 

3.8  Mg,  0.8  Si . 

1.42 

218 . 

8  Mg . 

0.98 

220 . 

10  Mg . 

.88 

319 . 

8  Si,  3.6  Cu . . 

1.13 

333 . 

9  Si,  3.8  Cu . 

1.05 

355 . 

6  Si,  1.3  Cu,  0.5  Mg. . 

121 

1.17 

1.42 

1.67 

356 . 

7  Si,  0.3  Mg . 

1.42 

1.47 

1.63 

121 

1.67 

360,  A360 . 

92  a . 

1.55 

129 

1.63 

1.13  to  1.47 

380,  A380 . 

9  Si,  34  Cu . 

0.96  to  1.09 

384 . 

12  Si.  3.8  Cu . 

0.96 

A612 . 

8.5  Zn,  0.7  Mg,  02 

.96 

C  612 . 

Cu. 

62  Zn,  02  Cu,  0.4 

129 

750 . 

Mg. 

6280,  ICu,  1.0 Ni.. 

1.80 

F 

T6 

T8 

T7 

TSl 

T« 

T81 

T7 

Chin  T  «. 
TSl 
T6 
T7 

Chill  T8. 


TlTAlCmM  ALLOYS 


CompoaitioD  (%) 

Conducti'vity  sod  Remarks 

Reference 

w/cm  deg  K 

2.8Cr,  IFe . 

Abstract  only;  A-0.13  at 

C.  J.  Rigney  and 

273TC,  0.10  at  195^  0.06 

L.  1.  Bordotabler 

at8(rK. 

(1951). 

Rem-Ou  Utanimo,  RC 

R,  emf . . 

W.W.  Tyler  aod 

130-B;  4.7  Mn,  3.99 

A.C.WilBaa 

Al,  0.14  C. 

(1952). 

CompoatioD 


Annesled 

AnneaM 


CoodoetiTity  ud  reiDttb  Bcferaiee 

v/em  dec  K 

Siiclecrystd;ilt»1.83at83'K,  lJ0at21°K. .  E. GraneiKn and 

E.  Goesa 
(I«27). 


CHROMIUM 

COMPANY  AND  TRADE  MANUALS 


Compoaiina 

Cooductivity 

w/cm  deg  K 

Commeteinl . 

*-0.67  nt  20%. 

IRON 

See  figures  8  and  9  under  “METALLIC  ELEMENTS” 


STEELS 

The  tables  for  steels  are  arranged  into  groups  where 
the  principal  alloying  metals  are  as  follows:  carbon; 
silicon;  copper,  chromium,  cobalt,  manganese,  molyb- 
demun,  nickel,  tungsten,  vanadium;  and  aluminum. 


CARBON  STEELS 


1 

CompomtioB  (%)  ' 

CoDdaetivity  and  remarks 

Reference 

0.1  c . 

w/cm  deg  K 

W.  Jaeger  aod 
H.DieflselhfKst 
<1900). 

Do. 

1C . 

aiC.0.06Mn,0.06 

*-0.72  nt  18% . 

E.  Griineiaen 

Ca.  0.03  3t.  S. 

(1900). 

0.03  P. 

007  c.  oo  a,  0.1 

*-a02ntl8% . 

Do. 

Mn.  004  8,  0.03 
Ca.0OlP. 

009C,0.1Mil0.06 
a.  0.03  8, 

*-0Ol  nt  18% . 

Do. 

10C.OOMn.006 

*-OOOntl8% . 

Do. 

Si,  0.03  Cn,  8, 
OOlP. 

lC;‘VTergind”.. 

See  6gare  23,  curre  with  initini  L . 

CB.Leen 

(1908). 

CARBON  STEELS  (Coat'd) 


Compoition  (%)' 


CoodiHtiTity* 


w/om  deg  K 


8tete> 


0.1  c,  0.4  Mn,  om  p,  om  S . 

a4  C.  OS  a.  0.4  Mn,  0.02  P,  0.02  S . 

ar  c,  03  a,  oj  Mn.  0.03  p,  oao  s . 

09  C,  03  a,  OS  Mn,  0S3  P,  002  S . 

10aOSa.03Mn,003P,0.02S . 

10  C,  OO  a.  OO  Mo,  003  P,  0.02  s . 

lO  C,  OO  a.  00  Mn,  003  P,  0.02  S . 

3.41  C,  0.12  a,  005  Mn,  0.04  P,  0.09  3. . . . 


0.60 

.44 

.46 

.42 

.42 

.40 

09 

03 

03 

03 

03 


Aa  aint. 

Annenkd  1,000%,  2  hr. 
Ohr. 

8  hr. 


CARBON  STEELS  (Coot’d) 


Compontioo  (%)  ^ 

Conductivity  * 

State  > 

2.53  C,  0.05  Si,  0.02  Mn.  0.01  P.  0.03  S  . . . 

w/cm  deg  K 

Ac  cnet 

2.67  C,  0.11  Si,  0.02  Mn,  0.03  P,  0.05  S. . . . 

.30 

Do. 

.32 

l.OOO'C  nnnenled,  2  hr. 

.32 

32 

.26 

6  hr. 

8  hr. 

As  easi. 

3.12  C,  0.06  a,  0.06  Mn.  0.02  P.  0.06  8. .  . . 

3.14  C,  0.01  Si,  0.03  Mn,  0.02  P.  0.03  8  . 

.26 

Do. 

3.17  C,  0.21  Si,  0.08  Mn,  0.04  P,  0.06  S. . . . 

35 

Do. 

36 

AnneaM  1,000^,  2  hr. 

.26 

6  hr. 

8  hr. 

Ae  ceat. 

3.53  C,  0.04  a,  0.05  Mn.  0.01  P.  0.05  S .  . . . 

.23 

3.64  C,  0.16  Si,  0.04  Mn,  0.02  P,  0.02  8. . . . 

31 

Do. 

33 

Annealed  l.OOO^C,  2  hr. 

33 

6  hr. 

3.93  C.  0.15  Si.  0.04  Mn.  0.02  P.  0.05  8  ... 

.23 

8  hr. 

.20 

Afl  cast. 

3.96  C.  0.2  Si.  0.06  Mn,  0.01  P,  0.02  8.  . . . 

.19 

As  cast 

31 

Annealed  1,000°C,  2  hr. 

.26 

6  hr. 

8  hr. 

Aa  ceat. 

4.13  C,  0.10  Si,  0.03  Mn,  0.02  P,  0.02  S. . . . 

.18 

436  C,  0.10  a.  0.03  Mn,  0.02  P,  0.02  8. . . . 

30 

Annealed  1,000”C,  2  hr. 

.17 

As  cast. 

4.35  C,  035  Si.  0.08  Mn,  0.02  P,  OJB  8. . . . 

.19 

Annealed  1»000”C,  2  hr. 

.15 

As  cast 

4.40  C,  0.34  Si,  0.03  Mn,  0.02  P,  0.08  8. . . . 

37 

Annealed  l,OaO°C,  2  hr. 

.15 

Aa  caat. 

4.61  C,  037  Si.  0.03  Mn,  0.02  P,  0.04  8. . . . 

.17 

Annealed  1,000*C»  2  hr. 

.13 

Aaeaat. 

4.63  C,  034  Si.  0.08  Mn,  0.02  P,  0.07  8. . . . 

.15 

Annealed  la000*’C,  2  hr 

.13 

Aacnat. 

3.82  C.  1.24  Si,  0.09  Mn,  0.01  P,  0.06  S. . . . 

.56 

Annealed  t.OOOfC,  2  hr. 

.13 

As  cast 

3.81  C,  1.96  a.  0.05  Mn.  0.05  8. . 

.20 

Annealed  800°C,  1  hr. 

.13 

As  cast. 

35 

Annealed  SOfTC,  1  hr. 

.40 

Add.  annealed  1,000^0 

3.84  C,  1.98  a,  0.06  Mn.  0.01  8 . 

.43 

As  cast 

32 

Annealed  800%,  1  hr. 

■  Reaultn  by  H.  Muiunoto  (1927)  nt  25%. 


CARBON  STEELS  (Coat'd) 


Cnrre 

Compoaitioo  (%) 

Bemarha 

Refcfenee 

Iig.24;MiId.. 

0.14  C,  0.08  Si,  0.07  Mn. . . 

“Mild  ateel”;  heated 

J.deNoM 

Fig.  23; 

033  Mn,  0.18  0,0.014  Si.. 

to  800%  and  fnr- 
naee-eooled. 

(1961). 

R.  W.  Poaea, 

J.  B.  Ziegler, 
H.  L.JehnMoa 
(1961a). 

Da 

P.Z.J.. 

SAE1020. 

Fig.  23: 
P.Z.J.- 
SAE1D95. 

0.93  C.  034  Mn,  036  Si, 

0.1  Nig  Cr,  0.06  Mo. 

1 

CARBON  STEELS  (Coat'd) 
COMPANY  AND  TRADE  MANUAIB 


Compoaitioo  (%) 

Condoetmty 

0.08  C,  0.046  Cr,  0.07  Ni,  031  Mn.  0.02  Mo . 

w/em  deg  E 

030 

32 

32 

.49 

.46 

033  C.  tmce  Cr,  0.074  Ni,  0.635  Mn,  0.13  Cu . 

0.416  <5,  trace  (>,  0.063  F(i,  0.643  Mn,  0.12  Cn. ........ ! . 

0.80  C,  0.11  0, 0.13  Ni.  032  Mn,  0.07  Cn,  0.01  Mo . 

132  C,  0.11  Cr,  0.13  Ni,  036  Mn,  0.01  Ma  0.08  Cn . 
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CONDUCTIVITY, mw/cm  deg  K 


TEMPERATURE  ,*K 


Specific  references  can  be  found  under  the  type  of  steel. 


SELIOON  STEELS 


CfMDpodtiw  (%) 

Conductivity  and  remarks 

Beference 

w/cm  deg  K 

0.2  Si.  0.1  C,  0.1 

*=0.60  at  18°C . 

W.  Jaeger  and 

Mn,  trace  of 

H.Diesseihorst 

and  Cu. 

(1900). 

CORROSION  RESISTING  STEELS 
(Copper,  chromium,  cobalt,  manganese,  molybed- 
num,  nickel,  tungsten,  and  vanadium) 


Carve 

CanpoeitioQ  (%) 

1 

Remarks 

Refereoee 

Fi|^  23;  Kr. 

0.6  Md,  0.4  C,  0.3  Si,  0.03 
S,  0.3  P. 

"Staioleas” . 

J.  Karweil  and 

K.  ScWer 
(1939). 

K.  R.  Wilkinson 
andj.  Wilks 
(1949). 

*=7  mw/cm  deg  K 
at  10^,  11  at  16° 
K,  16  at  20°K. 

CORROSION  RESISTINO  STEELS  (Cimt'd) 


Curve 

Composition  (%) 

Remarks 

Reference 

Fig.  24;  2% 
Ni. 

1.92  Ni,  0.72  Mn,  OJl  S, 
0.14  C. 

Heated  to  were  and 
fttmaee>co(ded. 

J.  de  Nobd 
(1961). 

24%  Ni . 

24.30  Ni,  6.06  Mn,  1.18  C.. 

Heated  to  l,06(rC and 
water-quenebed. 

Do. 

27%  Ni . 

2730  Ni,  14.6  Cr,  33  W, 
1.62  Si,  1.34  Mn,  0.44  C. 

Heated  to  1,000^  and 
water.quenched, 
"eia/ATV". 

Do. 

31%  Ni . 

31.4  Ni,  0.82  Mn,  0.7  C. . . 

Heated  to  800'’C  and 
fumace^ooled. 

Da 

Da 

36%  Ni . 

36.17  Ni,  0.92  Mn,  0.16  C, 
0.09  ». 

Heatedtol,060°Cand  I 
water-quenched.  i 

Do. 

67%  Ni . 

673  Ni,  1.31  Mn,  034  C, 
0.14  Si. 

As  forged; 

Da 

2%Mn . 

233  Mn,  0.41  C,  0.07  Si... 

Heated  to  SOtre  and 
fumaee-oooied. 

Da 

13^  Mn,  1% 

12.69  Mn,  137  C,  0.12  Si.. 

Heated  to2,000%aad 
water-quenched, 
“manganese  ated". 

Do. 

Da 

13%  Mn . 

12.96  Mo,  0.10  8,  0.12  8^ 
0.09  C,  0.06  P. 

Heated  to  l^OOCrC  and 
water-quenched. 

Do. 

39%  Mn . 

383  Mn,  0.7  Si,  03  C,  0.06 

1  S,  0.04  P. 

Da 
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Specific  references  can  be  found  under  the  type  of  steel. 


CORROSION  RESISTINO  STEELS  (Coat’d) 

CORROSION  RESISTING  STEELS  (Coat’d) 

Curre 

CampoBtkn  (%) 

Bemarha 

Reference 

Curre 

Compccitioa  (%) 

Remarks 

Reference 

13%  Ct . 

13S  Cr,  0.36  C,  0.22  Si. 
0.13  Mn. 

Heated  to  80(rc  and 

P.Z.J.-347. . . . 

17.88  O,  10.28  Ni,  1.24 
Mo,  0.85  Nb,  057  Si, 
0.26  (%  0.06  C,  0.03  N, 
0.02  P. 

R.  W.  Powers, 

J.  B.  Ziegler, 
sad  H.  L 
Johnston 
(lO&U). 

Da 

13%  Cr,  ^ 

qnettched. 

fdmaoe^ooled. 

Heated  to  950*C,  oO 
qaenched, reheated 
to  ISO’C,  air¬ 
cooled. 

(1951). 

Do. 

Do. 

P.Z.J.-304... 

18.68  Cr,a84Ni,  1.12  Mn, 
0.43  %  0.06  Co,  0.06  C, 
0.03  N,  OJB  P. 

7.9  Ni,  18.9  Cr,  1  H,  0.7 
Si,  0.1  C. 

18  Ct,  9  Ni,  0.15  C . 

19%  & . 

3%Ni . 

1&8  Cr,  8.1  Ni,  0.43  S, 
0.24  Mo,  9.12  C. 

2.61  Ni,  0.7S  Mo.  0.49  Cr, 
0.45  Mn,  0.27  0,0.11% 
0.03  P,  OSl  8. 

Heated  tol.lOO’Cand 
water-quenched. 

Heated  to  850’C,  oil- 
quenched,  reheated 
to  650°C,  water- 
quenched. 

Do. 

Do. 

Fig.  23;  B.- 

. ! 

Austenite  grsins 
nbout  0.01  mm 
ncron. 

R.  Bmoan 
(1961b). 

Fig.  2Z;  Ee. 
Zi.-303. 

Fig.  23; 
P.ZJ..SAE 
4130. 

0.99  Cr,  0Ji2  Mn,  0.33  C, 
0.2  Si,  Ni,  and  Mo  each. 

R.  W,  Powen, 

B.  Ziegler, 

J.  E.  Zimmer* 
mnn  (1962). 

Do. 

EB.Zi.-347.... 

18Cr,10Ni,05Nb,0.08C. 

17Cr,12Ni,35Mo,0.lC. 

P.Z.J.-410... 

12.9  Cl  0S6  %  0S2  Mn, 
0.12  Ni,  0.09  C,0S6  Co, 
0.03  N,  0.01  P. 

/ohoatco 

(1961a). 

Do. 

T.W.-319 . 

26%  coU  reduction. . 

W.  W.  Wer  and 
A.C.miBoo 
(1952). 
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CONDUCTIVITY,  mw/cm  deg  K 


NICKEL  ALLOYS  (Coat’d)  NICKEL  ALLOYS  (Coat'd) 


Com 

Compoatioii  (%) 

CooductiWIy  ud 
reiDK^ 

Befetenoe 

Curve 

Compoaitioa  (%) 

CoodoetiTity  and 
renttria 

Reference 

v/em  deg  K 

w/cm  deg  K 

97,0  Ni,  1.4  Co.  1  Mo,  0.4 
Fe. 

Jt»0.59  Kl  18“C . 

W.  Jeeger  ud 
H.DieeaeUiant 
(1900). 

See  Fig.  8  and  Nickel 
Table  under  “Me¬ 
tallic  ^nrenta". 

J.  de  Nobel 

(1961). 

80  Ni,  20  Cri  “nichrome'’. . 

67  Ni,  30.2  Co . 

Do. 

temperetun. 

(1932). 

Fi|.  24;  67% 

67.6  Ni.  1.31  Mn,  0.34  C, 
.14  Si;  remainder  Fe,  ap¬ 
prox.  40. 

Da 

70  Ni,  18  Cr,  12  Fe . 

Do. 

t^persture. 

Fig.  26;  Er. 
Sc.-Contr- 
■cid. 

60  Ni.  15  Cr,  16  Fe.  7  Mo. . 

K.SeWer 

(1939). 

Zi.-Inconel 

(drawn). 

] 

J.  Ea  Zinuner* 
mMi  (1^2). 

80  Ni.  14  Cr.  6  Fe . 

R.  W.  Powees, 

J.  B.  Ziegler, 
and  H.  L. 
Johnstoo 
(1951c). 

Do. 

neL 

Del,  #  1. 

Do. 

nel,  #2. 

V.ZJ.-Cvttt- 

tad. 

60.06  Ni,  14.74  Cr.  16.82 
Fe,  7i  Mo^  2.14  Mn. 
0.06  C. 

Do. 

Do. 

Ee.Zi.-MoDeI, 

(unealed). 

Do. 

P.Z.J.MoDel. 

67  Ni,  30  Co.  1.4  Fe.  1.0 

Hot^tdled . 

Do. 

Hn,  0.16  C,  .1  Si,  .01 S. 

P.ZJ.-Maoel, 

eoi^ 

Cold.«>Ued . 

Do. 

1 
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PRECIOUS  METAL 
ALLOYS 
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80  Pt,  20  Pd 
70  Pt.  30  Pd. 

to  J%  to  Pd 

30  Pt,  50  Pd. 


*=0.518  »tjrc . 

W.  Jaeger  and 

H.Dien^oret 

(1900). 

*=0.43»t26"C . 

F.  A.  Schalse 
(19J1). 

*=0.42»t25*C . 

Do. 

fc-OJBatTS-C . 

Do. 

*=044»t25'C . 

Do. 

*=0.37  at  2S‘C . 

Do. 

PLATINUM  ALLOYS  (Comt’d) 


1 

CompQtitioo  (%) 

Conductivity  nod  remarks 

Refereaee 

W  PV  10  Ir. . . 

w/om  deg  K 

A-0.31  at  irC . 

8fi  Ftp  16  Ir 

A-0.23  at  irC . 

R.  M.  Wiater 
(1926). 

Do. 

80  Pip  20  If . 

A-0.18at  ITT! . 

Do. 

00  Ptp  10  Rh . 

A-a.30at  irc . 

Do. 

(4  atomic  %  Ft,  4 

*-0.«  at  Ig'C . 

C.  H.  Joharwwoft 

atomic  %  Au. 

aad  J.  0.  Linde 

90  fttoffiio  %  Ptp  10 

*-0.36  at  irn . 

(1930). 

Do. 

ftlonue  %  Au. 

76  atomic  %  Ft,  26 

*-0.24  at  lyC . 

Do. 

ttoiiiic  %  Au. 

66  sUxnic  %  Pt.  46 

*-0.21  at  IS'C . 

Do. 

atonuo  %  Au. 

1 

COPPER  ALLOYS 

See  also  the  “COPPER-NICKEL  ALLOY”  graph  and 
and  tables. 


Curve 

Compoaitioo  (%) 

Conductivity  and  remarks 

Reference 

About  62  Cu,  16  Ni, 
22  Zn. 

About  82  Cu,  18  Zn. . . 

About66Cu,36Zo... 

0.34  P . 

m/cm  deg  K 

"Neuailber";  *-0.29  at 
(TC. 

“Red  braaa";  *-1.03  at 
0“C. 

"Yellow  braaa";  *-0.86 
at  O'C. 

*-0.96  at  la'C . 

L.  Loreoi  (1881). 

Do. 

Do. 

A.  Bietiach 
(1900). 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

D& 

Do. 

W.  Jaeger  and 
U.DManlhonst 
(1900). 

Da 

C.H.  Lem 
(1908). 

Da 

Da 

Da 

A.  Eneken  and 

0.  Neumann 
(1934). 

Da 

0.87  P . 

*-0.61  at  16'C . 

1.79  P . 

*-0.53at  16*C . 

2.08  P . 

A«0.34at  . 

2.35  P . 

*-0.27  at  16’C . 

6.36  P . 

*-0.16  at  16”C . 

1.04  At . 

*-1.14  at  16”C . 

1.80  Aa . 

*-0.82  at  15*C . 

2.00  As . 

A-0A4  at  16*C . 

3.00  As . 

*-0.64  at  16'C . 

642  Aa . 

*-0.20atl6*C . 

86.7  Co,  7.16  Zn.«.3( 
^  0.6  Mi. 

84Cii,13Mn,4Ni... 

70  Co,  30  . 

“Bed  braaa";  *—0.80  at 

larc. 

*-0J3  at  irC . 

ri|^;L.- 

lic.  37;  L.- 
Qer.  ailT. 

L.-Fkt . 

63  Co,  32  Zn.  16  Mi... 

Approx,  came  aa 
aboTe. 

84  Co.  13  Ain,  4  Mi... 

82Cn,  18Za . 

“Platinoid" . 

L.-Maii|ania. 

. 

“Bed  bM”;  “Ene” 
tib;  *-1.37  nt  373% 
OJantHOrK. 

“Bed  btaan";  "lane"  ctyn- 
Ida;  *-lJ0  at  2»% 
046  at  (0% 

COPPER  ALLOYS  (Coat'd) 


Curve 

Composition  (%) 

Conductivity  and  remai^ 

R^rence 

w/cm  deg  K 

Eu.  Di.-Cu- 
60%  Mo, 

1. 

70Cu,30Mn . 

About  48  crystals  per  oen- 
timeter. 

A.  Eucken  and 

K.  Dittrieb 
(1927). 

About  112  crystals  per 
centimeter. 

Do. 

60%  Mn, 
3. 

3  Ag . 

Unannealed;  *-3.67  at 
83°  and  21°K. 

E.  GrOneiaea  and 
E.  Goena 
(1927). 

Annealed  3  hr  at  390°C; 
*-4.06  at  g3°K.  6.19  at 
31*K. 

Da 

Fig.  27;  G. 
Be. -4% 
Au. 

96.6  Cu,  4.5  Au . 

Poly  crystalline;  unan-  1 
nealed. 

E.  Griineiaen  and 
U.  Beddemann 
(1934). 

G.  Re.-10% 
Au. 

90.3  Cu,  9.7  Au . 

Polyerystalline;  unan- 
oea^. 

Do. 

76.1  Cu,  24.9  Au.  ... 

Quenched  from  8()0**C; 
*-0.34  at  SS^’K. 

Do. 

. do . ' 

Annealed  20  hr  at  400°C; 
*-0.61  at83°K. 

Do. 

Annealed  32  hr  at  3eO°C; 
*-0.63  at  83°K. 

Da 

Same  as  above  except  later 
aonealed  2  hr  at  820^C, 
then  quenched;  *-0.23 
atSSne. 

Do. 

0.  Bc.-25% 
Au. 

Same  as  above  except  later 
annealed  6  months  at 
room  temperature. 

Do. 

0.  Be.-26% 
Au.  an> 
neawd. 

Same  es  above  except  ad¬ 
ditionally  annealM  30 
hrat320°C. 

Do. 

G.  Be.-Cu- 
60%  Au. 

49.9  Cu.  60.1  Au . 

Annealed  30  hr  at  320°C  .  .. 

Do. 

0.  Rs.^Cu- 

49.9  Cu,  60.1  Pd . 

Do. 

60%  Pd. 

G.  Re.-6% 
Pd. 

93.6  Cu,  6.4  Pd . 

Polycryatalline;  onao- 
nealed. 

Do. 

66  Cu.  46  Pd . 

Annealed;*-0.67at8rK. 

Do. 

Do. 

0.  Ee.-46% 
Pd. 

0.  B«.-46% 
Fd,  (nn- 
neaied). 

Da 

1 

i 

sairc. 

COPPER  ALLOYS  (Coat'd) 


CompoaitioD  (%)  > 

Conductivity  ■ 

99.986  Ca  0.0016  Fe,  .03  0, . 

w/cm  deg  K 

3.93  • 

3.13  » 

1.92  • 

1.86  > 

139  • 

0.82  > 

041  > 

0.C4  « 

99.80  Cu,  0.19  Si,  .02  Fe.- . 

99.78  Cu,  043  Si,  .03  Fe . 

9946  Cu,  042  S,  433  Fe . 

9943  Cu,  0.46  Si,  .03  Fe . 

90.06  Ca  1.00  Si,  043  Fe . 

98.09  Ca  1.98  ^  0.06  Fe . 

984)0  Cu,  3.91  Si,  0.02  Fe .  . 

'  Tbeie  nlwi  were  detomiDed  by  C.  S.  Smith  (1(36)  *t  10°C.  Sometimea  the  eom- 
poaitioD  peneDtagci  add  op  to  more  than  100. 

*  The  ooppcreiliaoo  aDoya  ware  hot.nilled,  eoU'diawn  and  aonealed  at  TOCTC  and 
wan  in  tha  aanateoaaan  a  xdid  aolotiaa. 
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i  I  CONDUCTIVITY,  w/cm  deg  K 


.006^ 


80  too 


300 


TEMPERATURE  > 


COPPER  ALLOYS  (Cont’d) 


Composition  (%)  * 


Conductivity  » 


w/cra  deg  K 


95  Cu,  0.07  AI,  .01  Fe . 

77  Cu,  0.22  AK  .01  Fc . 

47  Cu.  0.47  A1..02Fe . 

20Cu.  0.71  Al,  .09  Fe . 

08  Cu,  1.89  Al,  0,03  Fe . 

25  Cu,  4.61  Al.  0.14  Fe . 

15  Cu.  7.72  A),  0.13  Fe . 

66  Cu,  9.37  Al,  0.07  Fc . 

88  ('u,  9.90  Al,  0.22  Fc . 

76  ('u,  12.15  Al,  0.09  Fe . 

99.94  Cu,  0.07  Mn,  .01  Pc,  .02  Mr . 

99.88  Cu,  0.14  Mn,  .01  Vv,  .01  Mr . 

99.55  Cu.  0.43  Mn,  .01  Fc.  .0)  Mr . 

99.05  Cu,  1.05  Mn,  0.01  Fc,  .01  Mr . 

98.27  (^J,  1.77  Mn.  0.03  Fe.  .01  Mr . 

95.34  {'u,  4.65  Mn,  0.06  Fe,  .02  Mr . 

90.25  ('u,  9.53  Mn,  0.18  Fc.  .02  Mr,  .021  C. . 
80.03  Cu,  19.82  Mn,  0.09  Fc,  .02  Mr.  .035  C, 


3.52  * 
2.91  » 
2.35  » 
1.75  » 
1.23  « 
O.Kt  > 
0.72  * 
0.65  * 
0.66  * 
0.54  » 
3.62  » 
3.28  » 
2.26  * 
1.50  » 
1.02  » 
0.49  » 
0.26  * 
0.15  » 


»  These  v^Uui'S  were  determined  by  C.  f>.  Smith  0935)  at  20'’C.  iSonjotimes  the  com¬ 
position  pcrccntaRes  add  up  to  more  than  100. 

*  The  copper-aluminum  alloys  were  rolled  and  annealed  at  700®('  and  were  in  the  a 
solid  solution  (execikt  the  12%  Al,  which  was  S ). 

*  The  copjy’r-manyancse  alloys  were  deoxidized  with  maRuesiuin,  hot-rolled,  and  an¬ 
nealed  at  70O‘‘CX 


COPPER  ALLOYS  (ConPd) 


Cwnpoeition  (%)  ‘ 

1  Conductivity  * 

SUte  < 

w/cm  dcR  K 

99.9R6  Cu.  0,002  Ke,  .02  0, . 

3.94  « 

66.24  <;u.  3.’i.72  Zn,  0.03  Pb,  .01  Fc,  ,001  S . 

1.20  • 

96.94  (Tu.  3.04  Zi),  0.02  Fe . 

2.68  » 

95.21  Cu,  4.77  Zn,  0.02  Fc . 

2,42  « 

97.49  Cu.  0.06  Fe,  .27  Ni,  2.24  Be . 

0.86  » 

Quenched. 

97.49  Cu,  0.06  Fe,  .27  Ni,  2.24  Be . 

1.03  * 

Reheated. 

97.49  Cu.  0.06  Fe,  .27  Ni,  2.24  Be . 

0.74  s 

Quenched,  cold- 
drawn. 
Reheated. 

97.49  (X  O  tK  F’e.  -27  Ni,  2,24  Be . 

0.82  * 

85.10  Cu.  12.97  Zii,  1 .88  Pb,  0.05  Fe . 

1.60  »  1 

61.85  ('u.  34.79  Zn,  3.29  Pb,  0.07  Fe . 

1.08  * 

65.99  Cu,  29.18  4.02  Pb,  O.OI  Fe . 

1.11 » 

88.07  Cu.  3.70  Zn,  3.77  Sn,  3.8:1  Pb,  0.03  Fe. . . , 

0.90  »  ! 

88.08  Cu,  4.09  Zn,  3.76  Kii,  3.80  Pb,  0.02  Fc,  .25  P. 

0.56  > 

60.41  Cu,  37.09  Zn.  1.03  Sn,  1.12  Pb,  0.02  Fe,  .18 

1.00  ’ 

Chill-casi. 

Al,  .21  Si. 

56.01  ('u,  25.93  Zn,  0.18  mn,  17.95  Ni,  0.08  Fe, 

0.30  5 

.02  (J, 

63.76  Cu.  19,79  Zn,  0.18  Mn,  16,29  Ni.  0.14  Fe. . 

.34  s 

65.51  Cu,  23.86  Zn,  0.18  Mn,  10.36  Ni,  0.08  Fe, 

.46  4 

.01  C. 

59.76  Cu.  29.88  Zn,  0.15  Mn,  10.13  Ni,  0.04  Fe, 

.42  =  1 

.04  Mr.  , 

64.04  Cu,  30.50  Zn,  5.41  Ni,  0.05  Fc . 

1 

.59  » 

i  1 

'  These  values  were  determined  by  (\  8.  iSrriith  (19*55)  at  20"C.  Sometimes  the  com- 
l>06ition  jK  TcentaRes  add  up  to  more  than  100. 

2  The  misrellaneous  alloys  were  extensively  worked,  annealed,  and  slowly  cooled 
except  where  noted. 
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COPPER  ALLOYS  (Cont’d) 


COPPER  ALLOYS  (Cont’d) 
COMPANY  AND  TRADE  MANUALS 


Compositioii  (%)  ■ 


Conductivity  ^ 


State  < 


m/an  deg  K 


Name 


Nominal  Composition  (%) 


MMir  Cu,  17.65  Zn,  13.24  Ni.  0.10  Fe,  2.23  Sn, 
10.44  n. 

80.08  Cu,  4.08  Nt.  0.08  Fe,  5.11  Al,  0.74  Si . 

80.08  Co,  4.08  N^  0.08  Fe,  5.11  Al,  0.74  Si . 

80.08  Cu,  4.08  Ni,  0.08  Fe.  5.11  Al.  0.74  Si . 

56.13  Cu,  42.34  Zn,  1.02  Ni,  0.49  Fe . 

80.38  Cu,  0.31  Ni,  0.52  Fe,  .38  Sn,  9.41  Al . 

75.70  Cu,  23.22  Zn,  0.01  Fe,  1.98  Al . 

50.35  Cu,  38.36  Zo,  0.12  Mn,  1.06  Fe,  0.98  Sn, 
.13  Pb. 

00.664  Cu.  0.03  Fe.  .32  Si . 

05.61  Cu,  4JS1  Mu,  0.11  Fe . 

OOJl  Cu.  0.01  Fe,  .01  Si.  .85  Cd . 

08.41  Cu,  0.02  Fe,  .59  S^  .02  Si.  1.07  Cd . 

72.40  Cu,  17.78  Zn,  3.34Mn,  1.78  Fe,  4,44  Al .  . 

04.00  Cu.  1.03  Mn,  0.08  Fe,  4.68  Si . 

06.69  Cu,  0.99  Mn,  0.18  Fe,  3.23  Si . 

98.10  Cu,  0.30  Mn,  0.06  Fe,  1.60  Si . 

81.55  Cu.  14.21  Zn,  0.20  Mu,  0.04  Fe,  4.00  Si. . . 

05.83  Cu,  1.12  Zn.  0.02  Fe,  3.11  Si . 

78.30  Cu,  0.20  Ni,  8.04  Sn,  13.32  Pb,  0.1  P . 

87.86  Cu,  3.06  Zn,  0.03  Fe  8.87  Sn . 

88.36  Cu,  1.90  Zn,  0.07  Fe  >.55  Sn . 

6a54  Cu,  36.46  Zn,  021  M  a,  0.73  Fe.  1.48  Sn, 

0.04  Al. 

99.04  Cu,  0.07  Fe.  .9  Cd . 

50.76  Cu.  0.47  Mn,  18.89  Fe.  0.05  Si,  .02  C . 


.31  • 

.46  « 
.67  > 
.66  • 
1.14  • 
0.60  • 
1.00  « 
1.01  » 

1.85  » 
0.46  » 
3.45  < 
2.33  • 
0.50  > 
0  25  > 
0.33  • 
0.54  > 
0.28  < 
0.37  « 
0.42  < 
0.54  > 
0.50  > 
0.96  « 

2.76  « 
0.99  * 


Sand-caat. 

Quenched. 

I^heated. 

Furnace-cooled. 


Sand-caat. 


ChiU-caat. 

Sand-caat. 

Sand-caat 

Sand-caat 

Sand-caat 


■  Tbeae  values  were  determined  by  C.  8.  Smith  (1935)  at  20°C.  Sometimes  the  com¬ 
position  percentages  add  up  to  more  than  100. 

'The  miscellaneous  alloys  were  extensively  worked,  annealed,  and  slowly  coaled 
except  where  noted. 


COPPER  ALLOYS  (CvHiPd) 


Curve 

Compestiion  (%) 

Remarks 

Reference 

Fig.  27;  Kr. 
&-Ger. 
ailv. 

64Cu,20Za,  16  Ni... 

K.  Schitfer 
(1939). 

Fia.  27;  Kr. 

46  Cu,  41  Zn,  13  Ni. . . 

“Klberfaronee" . 

Do. 

Se.-bitiiue.  ' 

k.t.29*;AL 

Mn.-Ger. 

sihr. 

45.9  Cu,  42.1  Zn,  9.8 
Ni,  2.0  Pb,  0.15  Fe, 
0.05  Mn. 

“German  silver";  data  fits 
equation  A»S2>:10"* 
T*. 

J.  F.  AUen  and 

E.  Mendosa 
(1948). 

Oer.  aiiv. 

47  Cu,  41  Zn,  9  NL  2 
Pb. 

Meaa  diameter  of  cryetals 
waa  0.02  mm. 

R.  Bemum 

imib). 

COPPER  ALLOYS  (Coat’d) 
COMPANY  AND  TRADE  MANUALS 


Name 

Nominal  Compontioa  (%) 

Conductivity 

^^ISeeMytie  Tough  Pitch . 

99.92  Co,  0.04  Ox . 

99.94  Cu,  0.02  P . 

w/cm  deg  K 

3.91 

3.39 

99.92  Cu . 

3.93 

3.93 

99.45  Cu.  0.3  )£ro.03  P . 

1.76 

99.4  Co,  0.6  Te . 

3.55 

99.98  ^0.02  8 . 

3.88 

99.4  Cu,  0.6  Se . 

3.84 

99.0  Cu,  1.0  Pb . 

3.84 

99.06  Cu,  0.86  Cr . 

3.24 

99.00  Cu,  1-00  Cd . 

3.44 

2.34 

. 

90^  lOZn  . . 

1.88 

90  Co,  9.5  Zo.  OJl  Sn . 

1.73 

Commereial  brome . 

87.5^  12.5  Zn . 

1.73 

Red  bnm . 

1.59 

80Cu,20Zn . 

1.38 

70  Cu^  30  Zn . 

1.21 

66  Co,  35  Zn . 

1.17 

60Cu,40Zn . 

121 

Leaded  Brasses: 

Leaded  commercial  bronxe . 

leaded  commercial  bronse . 

Commercial  bronxe . 

Low  leaded  brass  . 

Low  leaded  brass . 

Medium  leaded  brass . 

High  leaded  brass . 

High  leaded  brass . 

Extra  high  leaded  brass . 

Free  cutting  brass . 

Leaded  M  unts  metal . 

Free  cuting  Muutx  n--tar . 

Forging  btw . 

Architectural  broue . 

Leaded  naval  brass . 

Leaded  tin  bearing  bronxe . 

Hi^h  leaded  tin  bronxe  (bushing) . 

Dairy  bronxe . 

Leaded  nickel  brass . 

Special  Braaaee: 

Admiralty  metal . 

Naval  brass . 

Manganese  bronxe . 

Aluminum  brass . 

“Ambronxe-474'' . 

“Ambronxe-421” . 

Manganese  red  brass . 

SUicon  red  brass . 

Trumpet  brass . 

Arsemcal  admiralty . 

Manganese  brass . 

Nickel  silver  18%-B . 

Nickel  silver  15% . 

Leaded  nickel  silver  12% . 

Phosphor  bronxe  5%-A . 

Phosphor  bronxe  8%-C . 

Phosphor  bronxe  lO^D . 

Phosphor  bronxe  1.^%-E . 

Phos^or  bronxe . 

Do:::;;:;::;;;:;;:;;::::; 

Do . 

Do . 

Do . 

Do . 

Do . 

Do . 

Do . 

Do . 


Special  Brenxee: 

Silieon  bronxe  A . 

Silicon  bronxe  B . 

“Everdur-lOlO" . 

"Everdur-1012” . 

'‘Evexdur-1015” . 

"Everdur-1014”.  . . . 
5%  Aluminum  bronxe 


10%  Ahuninum  bronxe 


AJuminum  silicon  bronxe. . 

"Calsun" . 

Chromium  copper . 

“Hitenao-Oer . 

"Hiten8o-966" . 

Aluminum  bronxe  89-1-10. 
Aluminum  bronxe  86-4-10. 
Aluminum  bronxe . 


90  Cu,  9.5  Zn.  0.5  Pb . 

89  Cu,  0.25  Zn.  1.75  Pb 
90.25  Cu,  6.9  Zn,  1.75  Pb,  1  Ni 

64.5  Cu,  35  Zn,  0.5  Pb . 

67  Cu,  325  Zn,  0,5  Pb . 

64.5  Cu,  345  Zn,  1.0  Pb . 

82.5  Cu,  35.75  Zn,  1.75  Pb 

64  Cu,  34  Zn,  2.0  Pb . 

62.2  Cu.  35  Zn,  2.5  Pb . 

61.5  Cu,  35.5  Zn,  3  Pb . 

60  Cu,  39,5  Zn,  0.5  Pb . 

G05  ()u,  38.4  Zo,  1.1  Pb . 

60  Cu,  38  Zn,  2  Pb . 

57  Cu,  40  Zn,  3  Pb . 

60  Cu,  37.5  Zn,  0.7  to  1.75  Pb, 

0.75  Sn. 

87  Cu,  4  Zn,  8Sn,  1  Pb . 

80  Cu,  10  Sn.  10  Pb . 

64  Cu,  8  Zn,  20  Ni,  4  Pb,  4  Sn. 
60  Cu.  16  Zn.  16  Ni,  5  Pb,  3  Sn. 


71  Cu,  28  Zn,  1  Sn . 

60  Cu.  3925  Zn,  0.75  Sn . 

58.5  Cu,  39  Zo,  1.4  Fe,  1  Sn, 
0.1  Mn. 

76  Cu,  22  Zn.  2  Al . 

94.97  Cu,  4.0 Zn,  1.0 Sn,  0.03P. 

88.00  Cu.  10.0  Zn.  2.0  Sn . 

85.0  Cu.  14.0  Zn,  1.0  Mn . 

82.0  Cu,  .'.OZn,  1.0  Si . 

81.0  Cu,  18.0  Zo,  1.0  Sn . 

71.0  Cu.  28.0  Zn.  1.0  Sn.  0.04  As. 

70.0  Cu.  29.0  Zn,  1.0  Mn . 

55  Cu.  27  Zn,  18  Ni . 

68  Cu,  19  Zn.  15  Ni . 

85  Cu,  20.7  Zn.  12  Ni,  2  Pb, 
0.3  Mn. 

95  Cu,  5  Sn,  trace  P . 

92  Cu,  8  Sn,  trace  P . 

90  Cu,  10  Sn,  trace  P . 

98.75  Cu,  1.25  Sn.  trace  P . 

98.7  Cu,  1.25  Sn.  0.05  P . 

9824  Cu.  1.75  Sn,  0.01  P . 

95.95  Cu,  4.0  Sn,  0.05  P . 

95.75  Cu,  4.0  Sn,  0.25  P . 

95.17  Cu,  4.0  Sn,  028  P.  05  Fe . 

94.75  Cu,  6.0  Sn,  0.25  P . 

93.9  Cu,  5.0Sn.0.1P,  IPb.  .. 

93.7  Cu,  6.0  Sn,  02  P, . . . . 

91.76  Cu,  8.0  So,  025  P. . . . 

80.76CU,  10.0  Sn,  0.25  P.  .  .  .  .. 
87.90  Cu,  4.0  Sn,  4  Zn.  4  Pb, 

0.1  P. 


96Cu,3Si . 

97  Cu,  15  Si . 

95.8  Cu,  3.1  Si,  1.1  Mn . 

95.6  Cu,  3.0  Si,  1.0  Mn,  0.4  Pb. 

98.26  Cu.  1.5  Si.  025  Mn . 

90.75  Cu,  2.0  Si,  7.26  Al . 

95  Cu,  5  Al . 

92  Cu,  8  Al . 

88  Cu,  10  Al . 

825  Cu,  10  Al.  5  Ni,  25.Fe. . . 

91Cu.7AL2Si . 

955  Cu,  25  AL2.08n . 

99.05  Cu,  0  86  Cr . 

99.0CU,  l.l  Cd . 

98.6  Cu,  0.8  Od,  0.8  Sn . 

89  Cu,  10  Al,  1  Fe . 

86  Cu,  10  AL  4  Fe . 

875  Cu,  9  AL  35  Fe . 


Conductivity 


w/cm  deg  K 

1.80 

1.80 

1.40 

1.17 

1.18 
1.17 
1.17 
1.15 
1.17 
1.17 
1.21 
1.17 
1.17 
1.21 
1.17 

0.47 

0.47 

0.23 

0.27 


1.09 

1.17 
1.09 

1.00 

1.64 

1.19 

0.99 

0.67 

1.21 

1.11 

0.74 

0.29 

0.36 

0.40 

0.80 

0.63 

0.50 

2.05 

2.18 
1.47 
0.81 
0.81 
0.76 
0.81 
0.83 
0.57 
0.62 
050 
055 


028 

059 

023 

023 

054 

0.45 

0.83 

0.71 

0.60 

028 

028 

0.87 

3.20 

3.44 

223 

055 

059 

059 


CONDUCTIVITY,  mw/cm  deg  K 


<X>  60 

TEMPERATURE ,  "K 


COPPER  ALLOYS  (Cont’d) 
COMPANY  AND  TRADF.  MANUALS 


See  also 


COPPER-NICKEL  ALLOYS 
the  "COPPER  ALLOY”  graph  and  tables. 


Name  | 

1 

Nominal  Competition  (%) 

Conductivity 

State 

B^yllium  Coppen: 

w/cm  deg  K 

Solution 

treated, 

quenched. 

As  above 
plus 

cliomically 

hardened. 

As  above 
plus  cokl- 
rdled. 

Solution 

treated, 

chcmic^y 

quenched, 

cold- 

rolled. 

beryllium  copper . 

97  Cu,  2  Be,  0.25  .  . 

! 

0.84 

1.05 

0.84 

0.75 

Beryllium  alloy  25. . . . 

2  Be,  0.3  Co,  balance  Cu . . . 

1.21 

Beryllium  alloy  165. . . 

1.7  Be,  0.3  Co,  balance  ('u. . 

1.21 

Beryllium  alloy  10.  . . 

0.5  Be,  2.4  Co.  balance  Cu. . 

2.26 

Beryllium  alloy  50. . . . 

0.4  Be.  1 .55  Co.  1.0  Ag.  bal¬ 
ance  ('u. 

2,22 

Beryllium  alloy  20C . . 

,  2.1  Be,  0.5  Co,  balance  Cu. . 

1.05 

Beryllium  alloy  275C . 

'  2.7  Be,  0.5  Co,  balance  Cu . . 

0.96 

i 

Beryllium  alloy  IOC . . 

1  0.6  Be,  2.5  Co,  balance  Cu. . 

1 

1  2.13 

Curve 

CoropoeitioD  {%) 

1  Conductivity  and  remarks 

Reference 

w/cm  deg  K 

About  62  (?u,  22  Zn, 
15  Ni. 

"NeuBjlber";  A  =  0,2b  at 
(TC. 

L.  Ixircns 
(1881). 

60Cu,  40Ni . 

“Constantan”:  A  =  0.23  at 
18*0, 

W.  Jaeger  and 
H.Dicsselhorsi 
(1900). 

54  Cu,  46  Ni . 

*=0.2I  at  I8°C . 

£.  GriineiseD 
(1900). 

Fig.  27;  L.- 
Ger.  silv. 

62Cu.22Zn,  15  Ni. . 

“German  silver" . 

C.  H.  I-CM 
(1908). 

L.-PI»t . 

Approx,  same  aa  above. 

“natinoid" . 

Do. 

60  Cu.  40  Ni . 

“Eureka"  or  constantan;  ' 
A«0.21  at  irC. 

T.  Barratt  and 

R.  M.  Winter 
(1925). 

Fig.  28;  Eu. 
Di.-con- 
stantao. 

60Cu,  40Ni . 

! 

1 

51  crystals  per  cm;  abo 
measured  samples  with 
other  crystal  sise. 

A.  Eucken  and 

K.  Dittrich 
(1927). 

1  Ni . 

*..1.50  at  83°K,  0.62  at 

2rK. 

B.  GriineiKu  and 
E.  Goens 
(1927). 

Fig.  27;  Kr. 
Sc.-Ger. 
sUv.  1 

64  Cu.  16Ni,20Zn  .. 

1 

“Neusilbtr" . 

J.  Karwril  and 

K.  SchSfer 
(1939). 

COPPER-NICKEL  ALLOYS  (Cont’d) 


Corre 

CcNDpOBltioa  (%) 

Conductivity  and  remarks 

Reference 

1 

w/cm  deg  K 

45.9  Cu.  42.1  Zn.  9.8 
Ni.  2.0  Pb,  0.15  Fe, 
0.05  Mn. 

**G«nDaQ  siWer'';  (UU  fits 
equation  A  »  5,3  x  10~^ 
T*. 

J.  F.  Allen  and 
£1.  Mendota 
(1948). 

63  Chi,  20  Ni.  17  Zn. . . 

“Nickel -silver*’;  k  “  25 Ji 
mw/ctn  deg  at  lO^K, 
48.5  at  15%  71.1  at 

2<rK. 

K.  R.  Wilkinson 

snd  J.  Wilks 
(1949). 

70  Cn,  30  Ni . 

“Cupro-oickel’’;  A»20.9 
mw/cm  deg  at  10°K. 
35.6  at  15^K.  50.2  at 
2(rK. 

Do. 

Fig.  28; 
P.ZJ.- 
coostan- 
tan. 

56  Chi.  46  Ni . 

R.  W.  Powers, 

J.  B.  Ziegler, 
and  H.  L. 
Johnston 
(1951c). 

Fig.  29s; 

20%  Ni. 

’  80  Cu.  20  Ni . 

Abo  obtained  Ar = 127  mw/ 
cm  deg  at  21.9°K  and 
79.9  at  16.3°K. 

J.  K.  Hulm 

(1951). 

Fig.  28;  B.- 
Uonaian- 
Ud. 

60  Chi,  40  Ni . 

(19Slb). 

Fin  27, 29s; 
B.-Ger. 
sUv. 

47  Cu,  41  Zn,  9  Ni,  2 
Pb. 

Mean  diameter  of  crystals 
was  0.02  mm. 

Do. 

00  Cu,  10  Ni . 

Two  samples  which  were 
annealed,  one  a  single 
crystal. 

Zi.-Cu- 
10%  Ni, 
annnied. 

and  J.  E. 

Zunmermann 

(1952). 

Two  samples  which  were 
odd-worked. 

Do, 

10%  Ni. 
oold. 

COPPER-NICKEL  ALLOYS  (Cont’d) 


Compantioa  (%) 

Conductivity 

99.73  Cu,  0.28  Ni,  .01  Fe,  .03  Mg . 

w/cm  deg  K 

3.22  »•  ' 

2.92  <>  » 

1.72  ' 

1.00  >. « 

0.62  » 

0.47  ■>» 

0.36  0  ' 

0.29  •>< 

99.47  CJu,  OJM  Ni.  .02  Fe,  .04  Mg . 

97.94  Cu,  1.97  Ni,  0.02  Fe,  .04  Mg . 

94.92  Cu,  5.09  Mi,  0.01  Fe,  .03  Mg . 

89.90  Cu,  10.07  Ni,  0.02  Fe.  .03  Mg,  .02  C . 

84.85  Cu,  16.07  Ni,  0.06  Fe,  .01  Mg,  .03  Mu . 

79.68  CJi  19.79  Ni.  0.23  Fe.  .30  Mg . 

69JH  Cu,  30.23  Ni.  0.05  Fe,  .06  Mg.  .13  Mn . 

CTomposition  (%) 

Conductivity 

Cute 

54.14  Co,  1828  Ni,  0.19  Fc,  17,06  Zn,  0.3  Mn, 
.02  C. 

6327  Co.  19.89  Ni,  0.14  Fe,  8.22  Zn,  321  Sn,  5.4 
Pb,  0.23  Mn. 

96,05  Cu,  3.01  Ni.  0.004  Fe,  .88  Si . 

96.06  Cu,  3.01  Ni,  0.04  Fe.  .88  Si . 

96.06  Chi,  3.01  Ni,  0.04  Fe,  .88  Si . 

74.07  Chi,  19.96  Ni.  0.09  Fe.  521  Zn . 

642  Cu,  29.44  NI,  0.07  Fe,  5.69  Zn . 

w/em  deg  K 

023  *. » 

0.28  >.  > 

0.76  *.  • 
128'!.  ' 

1.69  » 

0.39  • 

0.28  >.  » 

Sand-cast 

Quenched. 

Cheated. 

Furnace-cooled. 

>  The  values  were  detenained  by  C.  S.  Smith,  E.  W.  Palmer  (1936)  at  20°C.  Some¬ 
times  the  compositiaa  percentages  add  up  to  more  than  100. 

’The  copper-nickel  alloys  were  deozidiied  with  magnesium,  cold-rolled,  and  an¬ 
nealed  at  80^. 

'The  Miseellaaeoas  alloys  were  extensively  worked,  annealed,  and  slowly  cooled 
except  where  noted. 


COPPER-NICKEL  ALLOYS  (Cont’d) 
COMPANY  AND  TRADE  MANUALS 


Name 

Nomirtal  eompositioB  (%) 

'  Conductivity 

Cupro-nickel  30%. . . 

70  Chi,  30  Ni  . 

w/cm  deg  K 

0.29 

Cupro-niekel  10%. . . 

88.5  Cu,  10  Ni,  1.5  Fe . 

0.47 

Nickel  silver  18%-A . 

66  Cu,  18  Ni.  17  Zn . 

0.33 

Nidcel  silver  18%-B . 

55  Cu.  18  Ni.  27  Zn . 

025 

Nickel  silver  15%. . . 

66  Cu,  15  Ni.  19  Zn . 

0.35 

55  Cu,  45  Ni . 

0.23 

64  Cu,  20  NI,  8  Zn,  4  Pb,  4  Sn . 

0.23 

Leaded  nickel  brass. . 

60  Cu;  16  Ni,  16  Zn.  5  Pb,  3  Sn . 

0.27 

Leaded  nickel  silver  ! 

65  Cu,  12  Ni,  20.7  Zu,  2  Pb.  0.3  Mn . 

0.40 

12%. 

SILVER  ALLOYS 


Curve 


Fig.  26; 
G.Re.- 
Ag-0.4% 
An. 


G.  Re-Ag- 
25%  Au. 

G.  Re.-An 
60%  Ag. 

Po.-Ag 

Solder. 


Composition  (%) 

Conductivity  and  remarks 

w/cm  deg  K 

90  Ag.  10  Pd . 

*«1.41  at  25*C . 

80  Ag,  20  Pd . 

A =0.84  at  26®C . 

70  Ag,  30  Pd . 

*=0.57  nt  25°C . 

60  Ag,  40  Pd . 

*=0.45  at25°C . 

50  Ag,  60  Pd . 

A-0.32at25*C . 

90  Ag,  10  Pt . 

*=0.98»t25°C  . 

75  Ag,  25  Pt . 

*=0.38»t26°C . 

70  Ag.  30  Pt . 

*=021  at25°C . 

67  Ag,  33  Pt . 

A-0.30at26“C  . 

99.63  Ag,  0.37  Au.... 

75  Agy25  Au . 

60  Ag,  50  Au . 

50  Ag,  15.5  Cu,  162 

“Easy-flo” ;  flame  annealed ; 

Zn,  18  Chi. 

Reference 


F.  A.  Sehulse 
(1911). 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

E.  Griineisen  and 
H.  Reddemann 
(1934). 


Do. 


Do. 


R.  L.  Powell 
(1953). 


GOLD  ALLOYS 


90  Au,  10  Pd . 

*=0.98  at  25’C . 

(1911). 

80  Au,  20  Pd . 

*=029  at  25’C . 

70  Au,  30  Pd . 

*=0.44at25'’C . 

Do. 

60  Au,  40  Pd . 

*=0.40  at  25°C . 

Da 

50  Au,  50  Pd . 

*=026  at  25“C . 

Da 

90  Au,  10  Pt . 

*=0.76at25°C . 

Do. 

80  Au,  20  Pt . 

*=0.41  at25°C . 

Do. 

70  Au,  30  Pt . 

*=0.30at26°C . 

Da 

60  Au,  40  Pt . 

A =0.26  at25‘’C . 

Do. 
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GOLD  ALLOYS  (Cont’d) 


Curve 

CoDiposition  (%) 

Conductivity  and  remarks 

Reference 

w/cm  deg  K 

92  atomic  %  Au,  8 
atOQiIc  %  Ft. 

*=0.80  at  18°C . 

and  J.O.  Unde 
(1930). 

8-t  Au,  16  Pt . 

A:  =  0.(8st  *R“C . 

Do. 

68  Au,  32  Pt . 

*=0.23  at  18°C . . 

Do. 

55  Au.  45  Pt . 

*  =  0.2l  at  187C . 

Do. 

FiK.  26; 
G.Rc.- 
Au-W/c 

Ag. 

50.Au,  50  Ag . 

11.  Heddeiuann 
(1934). 

G.  Ro.-Au- 
25%  Ag. 

75  Au,  25  A(?  . 

Do. 

G.  Re  -Au- 

73.7  Au,  26.4  Cu . 

Do. 

26'%  Cu. 

Do. 

9%  Cu. 

50.1  Au,  49.9  Cu . 

1  Quenched  from  ROO^C; 
*=0.193  at  86“K.  i 

Do. 

Samp  as  above  except  an¬ 
nealed  22  hr  at  360T; 

*  =  1.28  at  85'’K. 

Do. 

. do . 

Requencbed  from  800®C; 
*=0.23  at  83^K. 

Do. 

G.  Re.-Au- 

. do . 

Annealed  30  hr  at  320°C . . . 

Do. 

50%  Cu. 

91.2  Au,  8.8  Pd . 

Tempered  at  800*C  for  2 
hr. 

Do. 

9%  Pd. 

83  Au,  17  Pd . 

Annealed  2  hr  at  SOO^C; 
approx,  same  curve  as 
“Ag-25%  Au”. 

Do. 

69  Au,  25  Ag,  6  Pt. . . . 

*=0.S3  at  room  tempera¬ 
ture. 

Trade  Manual. 

INDIUM,  THALLIUM  ALLOYS 


66  Tl,  34  Pb . 

For  a  sample  with  “large” 
crystals,  *=0.22  at  273'’ 
K.  0.13  at  for  a 

sample  with  “small” 
crystals,  *=0.23  at  273^ 
K,  0.U  at  SO^K. 

K.  Dittrich 
(1927). 

67  Tl,  34  Pb  by  atomic 
percent. 

Measured  relative  change 
of  thermal  conductivity 
when  the  alloy  became 
superconductive. 

1  and  H.  Brem* 

'  mcr  (1932). 

Fig.  29,  29a; 
Br.  H.-ln- 
9%Pb. 

91.4  In,  8.6  Pb  by 
atomic  percent. 

Became  aupercooducting 
at  4.2°K. 

H.  Bremmer  and 
W.  J.  de  Haas 
(1936). 

Br.H.-Pb- 
50%  In. 

50  In.  50  Pb  by 
atmnic  percent. 

Became  superconducting 
at  644'’K. 

Do. 

Fig.  29a; 
Hu-In- 
10%  U 

90  In,  10  Tl  by  atomic 
percent. 

Single  crystal;  measured 
both  in  the  normal  and 
superconducting  state; 
transition  temperature 
about  S.t^K. 

J.  K.  Hulm 
(1952b). 

ZINC  AI.LOYS 


Trade 

Designation 

Noiiiinul  compociitiOTi  ('v  ) 

C'onductivity 

w/cu»  deg  K 

“Zamak'3” . 

96  Zii,  4  Al,  0,04  Mg  . 

1.13 

*‘Zamak-5” . 

<15  Zii,  4  Al,  1  I’u,  0.01  Mg . 

1.09 

*‘Zaiiiak'2” . 

93  Zn,  4  Al,  3  (’u,  0.03  Mg . 

1.05 

('oniin-  rolh'd . 

99.8  Zn,  0.08  Pb . 

1.09 

Hn 

99.8  Zn,  0.06  Pb  0.06  (M . 

1.09 

Roiled  zinc  alloy, 
**ZiUoy-15". 

<J8.7  Zii,  1  Cu,  O.'OI  Mg . 

1.05 

CADMIUM  ALLOYS 


Curve 

Composition  (%) 

1 

Remarks 

Reference 

Fig.  29; 

Ku.  <  »p.- 
Cd-33'% 

Sb. 

66.7  Cd,  33.3  Sb . 

A.  Hucken  and 

! 

(i.  Gehlhoff 
(1912). 

Eu.Gc.-Cd- 
50%  Sb. 

50  Cd  60  Sb 

Do. 

MERCURY  ALLOYS 


Composition  (%) 

Remarks 

1  Reference 

98.8  Hg,  1,19  In.,,. 

Measured  ratio  of  conductivitica  in  normal 
and  superconducting  states. 

,  J.  K.  Hulm 
(1960). 

See  also  the  graph  and  table  under  “Metal¬ 
lic  Elements  . 

TIN  ALLOYS 


Curve 

^  Composition 

Remarks 

Refcrencs 

Figs.  IBs,  b. 

Up  to  4%  mercury . . . 

See  table  under  Figs.  1  Ba^  b» 
“Metallic  Elements”. 

J.  K.  Hulm 
(1950). 

nn 

B.  B.  Goodman 

1 

(1953). 

TIN  ALLOYS  (Cont’d) 
COMPANY  AND  TRADE  MANUALS 


Kame 

Nominal  Composition  (%) 

Conductivity 

Eutectic  soft  solder. . 

63  Sn,  37  Pb . 

w/cm  deg  K 

0.50 

0.59 

92  Sn'  8  Zn . 
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CONDUCTIVITY,  mw/cm  deg  K 


CONDUCTIVITY,  mw/cm  deg  K 


BISMUTH  ALLOYS 


Curve 


Fig.  29:  L.- 
Lip. 

Ge.  Ne.-Bi- 
50%  Sb. 


Ge.  Ne.-Bi- 
20%  8b. 

Ge.  Ne.-Bi- 
13%  Sb. 

Ge.  Ne.-Bi- 
11%  Sb. 

Ge.  Ne.-Bi- 
9%Sb. 

Fig.  29, 29s; 
Br.H.- 
Rose. 


Compaeition  (%) 


50Bi,25Fb,14Sa,  11 
Cd. 

SO,  Bi,  50  Sb . 


80Bi,  20Sb. 
87  Bi,  13  Sb. 
89Bi,  llSb. 
91Bi,9Sb.. 


Remarks 


“liipowiti  alloy" 


Refereuce 


C.  H.  Lees 
(1908). 

G.  GeblboS  and 
F.  Neumeier 
(1913). 

Do. 

Do. 

Do. 

Do. 


H.  Rrpmmer  and 
W.  J.  de  Uw 
(1936). 


ANTIMONY  ALLOYS 


Curye 

CiMnpoution  (%) 

RemarkB 

Re  erence 

Fig.  29;  Eu. 
Ge.-Cd- 

no sh  Sited . 

A.  Eueken  and 

G.  GeblboS 

50%  Sb. 

Eu.  G*.-Sb- 
48%  Cd. 

Eu.  Ge.-Sb- 
33%<3d. 

Ge.  Ne.-Sb- 

51.7  Sb,  48.3  Cd . 

66.7  Sb,  33.3  Cd . 

70Sb,  30Bi . 

“Very  hard" . 

(1912). 

Do. 

Do. 

G.  GeblboS  and 

30%  Bi. 

Ge.  Ne.-Bi- 
50%  Sb. 

50Sb,30Bi . 

F.  Neumeier 
(1913a). 

Do. 

50Bi,25Fb,25Sn.... 


'Rose's  metal' 


2.4.  Dielectric  Crystals 


This  section  is  not  comprehensive  but  is  representative  of  the  dielectrics. 
There  have  been  few  measurements  on  the  conductivity  of  dielectrics  at 
low  temperatures.  However,  three  series  of  experiments  especially  worth 
noting  in  this  short  summary  are  A.  Eucken  and  G.  Kuhn  (1928),  W.  J.  de 
Haas  and  T.  Biermasz  (in  late  1930’s),  and  R.  Berman  and  others  of  the 
Clarendon  Laboratory  at  Oxford  (1950’s). 

The  following  miscellaneous  dielectrics  were  measured  by  A.  Eucken  and  G.  Kuhn 
(1928)  (all  percentages  are  mole  percent): 


Name 

Remarks 

Conductivity 
mw/cm  deg  K 

Name 

Remarks 

Conductivity 
mw/cm  deg  K 

83°  K 

273°  K 

83°  K 

273°  K 

42 

33 

25%  KBr, 

46 

33 

Do . 

99.99%  CaCOa . 

54 

38 

75%  KCl. 

Do . 

50 

33 

10%  KBr, 

80 

50 

Calcite . 

Main  crystal  axis  perpendicular 

180 

46 

90%  KCl. 

to  rod  axis. 

50%  KCl. 

. do . 

188 

71 

Do . 

Main  crystal  axis  parallel  to  rod 

293 

54 

50%  NaCl. 

KNOa . 

17 

21 

159 

75 

17 

13 

KCl . 

314 

88 

KCl . 

402 

92 

NH4C1 . 

109 

25 

NaCl . 

. do . 

343 

92 

NHaBr . 

67 

25 

NaCl . 

251 

71 

BaCNOa)* . 

33 

13 

180 

63 

29 

21 

343 

84 

KCl . 

243 

75 

25 

25 

KCl . 

368 

92 

KCl . 

402 

96 

K4(FeCN«) .  .  . 

17 

17 

KBr . 

92 

38 

13 

21 

NaBr . 

SO 

25 

13 

21 

KI . 

121 

29 

KF . 

234 

71 

17 

21 

NaF . 

519 

105 

Rbl . 

59 

33 

Do . 

17 

17 

RbCl . 

29 

21 

90%  KBr, 

50 

29 

234 

10%  KCL 

63 

264 

75%  KBr, 

. . .  .do . 

29 

21 

88 

84 

25%  KCl. 

38 

46 

60%  KBr. 

. do . 

25 

25 

50%  KCl. 
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CONDUCTIVITY  w/cm  deg  K 


DIAMOND 

Curve 

Remarks 

Reference 

Fir.  30  and 
30a; 

H.BZ.-D. 

1 

In  addition  to  the  two  curves,  they 
obtain^  As  14.3  at  89*’  K.  1 

W.  J.  de  Haas  and 
T.  Biermasz 
(1938). 

B.  S.  Z.-  D.-l. 

Measured  the  '"size  effect"  in  dia¬ 
mond  crystals  of  square  cross- 
section.  #1  was  3.9  mm  wide, 
#2  was  3.1  mm  wide,  #3  was  1.7 
mm  wide,  #4  was  1.1  mm  wide. 

1  They  used  a  type  1  stone.  All 
were  several  centimeters  long, 
i 

R.  Berman, 

F.  E.  Simon, 
and  J.  M.  Ziman 

(1953), 

SAPPHIRE 

Curve 

Remarks 

,  Reference 

Figs.  30,  30a; 
B.-  S-1. 

Curve  S-1;  artificial  single  crystal 
sapphire  (corundum);  6  mm 
long,  diameter  of  3  mm;  at  low¬ 
est  temperature,  A=2.7xi0”^T»; 
main  crystal  axig  inclined  36*’ 
to  rod  axis. 

R.  Berman  (1951). 

Fi«.  30,  dOa;  i 
B.-  S-2. 

Same  crystal  as  above  except  1.5  , 
mm  diameter.  ' 

R.  Berman  (1952). 

Figs.  30,  32; 
"Aiuminii". 

Sintered  alumina;  density  3.70  | 
g/cm«  (96%  of  single  crystal);  | 
grain  sizes  about  5  to  30  microns. 

Do. 

CONDUCTIVITY,  w/cm  deg  K 


QUARTZ 


Curve 

Hemarka 

Reference 

Figs.  31,  dOa; 
M,  Bz. 

A  single  crystal  with  principal  axis 
parallel  to  rod  axis;  5  cm  long, 
0.3  cm  diameter. 

W.  J.  de  Haas  and 
T.  Biermaaz 
(1935). 

H.  B.z-1 . 

A  single  crystal  with  rod  axis  per- 
pendiciilv  to  principal  crystal 
axis  and  parallel  to  hisector  of 
two  binary  axes;  diameter  0.216 
cm. 

W.  J.  de  Haas  and 
T.  Biermaaz 
(1937). 

H.  B*.-2 . 

Same  as  above,  except  diameter 

1  0.454  cm. 

W.  J.  de  Haas  and 
T.  Biermaaz 
(1938a) 

H.  Ba!.-2A _ 

Same  rod  as  2,  except  diameter 
ground  down  to  0.359  cm. 

W.  J.  de  Haas  and 
T.  Biermaaz 
(1938b). 

Fig  31;  B.-l, 
2, 3, 4;  HI, 
2,  3,  4,  5,  6, 
7,  8. 

Single  crystal  5  cm  long;  sqiure 
cross-section,  5  mm  on  a  side; 
rod  length  perpendicular  to  prin¬ 
cipal  axis;^  #  1  was  without  neu* 
tron  irradiation;  #2  was  with  1 
unit  irradiation;  #3,  second  ad¬ 
ditional  irradiation  of  1.4  units; 
#4.  third  additional  irradiation 
of  16.5  imits.  The  **H*'  curves 
were  after  beating  as  follows: 
#1,  300^C  for  8  hrs.;  #2,  400®C 
for  6  hrs.;  #3,  500«C  for  6  hn.: 
#4,  566^0  for  6  hrs.;  #5,  540®C 
for  60  hrs.;  #6,  540*C  for  677 
hrs.:  #7,  600’’C  for  1  hr.;  #8, 
700^C  for  6  hrs. 

R.  Barman  (1951). 

59 


Illtlllllll  IIIIMItttlilli  I 
Jtacitaiiti.fVt'-'n'Oi'O 

■  ia«tiaaiii  1 

...  • 

ffiiiiiiiiiiiiiiiiuuun 


**««a«a«8a«»8Sa3Sa88*S8Sf88MfiS»Siti«S*f  tiu 
■■■fiaaiaaif  9|B^  m:  '•■■■aaaaaaaaaaaiiHsiiMUiiiiWvui' 


iiiii»SSSiiiiti__ _ _ 

iiiiiiitaaiuitBBBS 

M'jiiiiiaiiiiii - ’ 

ti(it . •-  • 


_ - _ _ l■8■u•l■llilllilllllllll•if..llllillllllIll^lMlllllllllifur< 

- . * . 


_ 

•  -^vWBssaasaaaaaaaaaaaaaaiBa*. 

■  ■iite. '«■■■■■•■< - - 


ifs 


aaaaaatat*' 


C^SSSSS^Sar  *  J8Saa8{aS8S«*'si 

as^  ^BSS'.aaa  .aaaaaaaaaaa****! 


!!SSBBi:^3SS8 


_ _ 588s:8s:::::as8ss8ss„. 

llli■■■■■i«••B■BBa>'a■■9fjiaSMH•SB•9■Ba8aB| 

:!::SSB5SSaSC^  _ _ 


_  ■latiti'iiiiiiiitiiiiiHni 

■  ••■■11111111111111111111111111 

liiiiiiiifiiiMiniuiHiKifu 

lllllllllltllllllllllllllllllll 

liiiiiMiiiiiiiiiuiiiiniiiiii 


l••■•l■•lllllll■llllll 


llllMIUIil•ll■••l■■ 
llll>lllll■•■ll■•■l■l 
lilt  iiitiaaiaiiiiiBi 
HlfillfflllllllllBI 
liUKIIIIIIIIIItllBI 
niiiMiiiiiiiiiiiBi 


l•a.«•••.'••ltlllll>ll•tllllll■l 


■••Ml _ _ _ 

_ _ _ _ _ ••■•■■aaMa«Maaaaaaaaa.'«as<.  ..  _ 

mmmmmmammm-.*»a»m  •••••••Maaaaa8liaai8la«faaaj‘«iia..-‘itiMiMiiMiiiiuinMii«iit«ii 

-aaaaaaiaa^atiBi  AB«aaia«aaaaBaaaBBiaiia«uaHiati«.***iii..:’iiiiiiiiiiiitiiiii»iiiiii_. 

!aaaaaaaa'.aa«a».MaM«aaMaaaaaaaaa*aaiisaa«ia«aaiiaiiai..''Miiiu,..;--'M'  ‘^iiaanaiam 

— Baaaaa*.aaiar4iaaiB«aaMa88aaiaaaaaiaaBiiiHiaiiiiiiHiiiii..:‘*iMitt !r' *••••» 

- — . . . . 


iiiiiiliillilliliiliririillil 

iiiiiiiiiiiiilliiiirillPllliiisS 

■  III  iiaaaatiaii  •••••■«••*•*  ^^aaaaaaaSsaravaaaa, 

li(^fNBaS*,S**^*?ZS«sM5888f88M8aa8S8SS8aS8r 

'ifvr7riip..Hi»w»«»a«aaMB88B8a8aaaiSBB»Maaaa 

-inWtiaiittijBBBaMaaMaaiaaBBaaaaaaaaBBaiaBBB 

lllil■■lllllalBB■■aa«■aBa■8a■■a■faiBB■aleaaa 


iBBBHiriiiipitfiiiiiBBaBBnMfiiiiiiiiiiiiiiiiaiiiiiiiiiiiiiiiiiiMiMitiiiiiiiiiiiii 


aaaaaar  jaaaaaaaBaaaaaaMB 


III 

•  llllllllliillllll  .nil 

•  IliiillllllllliMMIl: 
•llilllllllitti  ilililli 

•  lllllllllill  iltllillli 

lllllllllltMilKhllli 

IIIUIKIMIIilllUIII 


uiiiiiiiia'  «tiaa«ia 
MiiitiMt'iaaaaaaia 

iiiiiiiit' jaaaiaiaia 
iMiiiiriaiiiMHia 
iHiu.iiaiiiiiaaia 
Mil  .iMiaiiiiaiaia 
H  iiiiiilllliilllii 
Jilixillllflllllll 


■aaaaaaaaaaaaaaafli 

aBaaaaBBaaaaaaaBai 

BaaBBaBBaaBBaaflafi 

aaaBBaaaaaaBaaaaii 

■■■■■■■■lliiiliiir 


iSSS8S88*aSaaitiSSSiS*Si>iii»Mi<itii«i*ii>itiii*8aaa 

8a88S88iaaBai«Ma8iii«iii«iiiiHt«i«ii«i>ii«i<afSjt 
aaaaaaaoaaaataaatitiitiiiiiiiMfiiitiHiiiiiinaaaai 

'aaaaaaaiaaaaaiaMiiittiiitiiiiitiiifMiitiiHiiiaaasa* _ _ 

laaaaaaaiiBauiiMaiiiiiiiiiiiiniiiiMiiiiiMtiiaiaiiiiiiiBsa _ 

aaaaaatMatBiiaiaiiiiiiiiiiiiiNiiiiiMiMiMDafiiiiiifiaaaai 
'‘~*aaaaaaaaaiiiaaaiNiiitiMitiiiiiiiiiiiitiMiiaaiaaiiiiiHBaiai 


iiaawB«BBBBaSBaa8§BaaBaa|a|saaaaBBa| 

'sllsSSsSsssSsssssSsssisSSsssssssil 


'BBBaaBaaiaaaMaBMaaaail 

_ l■B■■l■■■lf•l■Blaa«BB■■l| 

l■a■■a8a■Ba■■■alBM■BMBBaa•■ 


5S5&5SSS!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!I!!!!!!!I!!!!!!!!I!!H!!!!!!!5!555!!5SS!!!!S!!!!!S55SSSSS!!| 


6  8 


IONIC 


R«.  32-B. 
"Beryllia” 


Smtered;  density  2.94  g/cm*  (97%  R.  Berman  (1952). 
of  single  crystal);  crystallites 
with  dunenaions  between  10  and 
40  microns;  k—3.8  at  90°K. 


CONDUCTIVITY,  w/cm  deg  K 
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